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(57) First and second synchronous words having re- 
spective numbers of times of inversion different from 
each other in NRZI conversion are generated in a syn- 
chronous word generation portion (123), and first and 
second codeword series data are generated by arrang- 
ing code word data generated making reference to a 
run-fengtb coding table after these two synchronous 



words. With respect to the first and second code word 
series data, DSV calculation results stored in two DSV 
calculation peak value memories (126, 127) corre- 
sponding to these data are compared with each other 
by a peak value comparison portion (129). Based on a 
comparison result, the code word series data having a 
smaller direct-current component generated in NRZi 
conversion is selected — 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001 3 The present invention relates to a digital signal 
modulation method capable of accuratefy performing 
lower component suppression control for suppressing a 
lower component in a recording code series when con- 
verting data of a digital information signal consisting of 
p (p is a positive integer) bits into a code word consisting 
of q (q is an integer larger than p) bits and recording it 
on a high-density storage medium such as an optical 
disk, a magnetic disk and a magnetic tape by using a 
code series satisfying a predetermined run-iength limit- 
ed rule, a digital signal modulation apparatus 5 astorage 
medium, a transmission apparatus and a program, and 
to an encoding method used when recording/reproduc- 
ing data to/from a storage medium or the like, an encod- 
ing apparatus, astorage medium, and a program for re- 
alizing the encoding method. 

2. Description of the Related Art 

[0002] As a digital signal modulation mode used for 
recording a digital information signal on a digital storage 
medium, a modulation mode with less direct-current sig- 
nal components included in a modulated signal has 
been developed, and a digital signal recording appara- 
tus employing this modulation mode has come into prac- 
tical use. 

[0003] There is an NRZ (Non Return to Zero) mode 
as a basic digital modulation mode. In this mode, how- 
ever, a direct-current component is generated when dig- 
ital-modulating a digital information signal in which 0 or 
1 longly continues, and this direct-current component 
can not be used in, for example, magnetic recording 
which can not reproduce a direct-current signal. As a 
countermeasure, a modulation method such as a mirror 
code or a mirror square code which does not produce a 
large quantity of direct -current components has been 
developed. 

[0004] The mirror code is a technique which gener- 
ates a digital modulation signal by a combination of T, 
1 .5T and 2T with respect to a bit interval X but a small 
amount of direct-current components remains in the 
modulation signal. The mirror square code is a digital 
modulation mode which further reduces the direct~cu r- 
rent signal components by adaptively selecting one 
which generates a smaller amount of the direct-current 
component from inversion or non-inversion with 1 at the 
center when 1 tongly continues in an information signal. 
[0005] In the mirror square code which reduces its di- 
rect-current signal components, a minimum bit inversion 
interval is T and a maximum bit inversion interval is not 
less than 3T. Therefore, a ratio of a maximum frequency 
component and a minimum signal frequency of a digital 



modulation signal is a value not less than 3, and a signal 
in such a frequency band is recorded on a storage me- 
dium. 

[0006] On the other hand, in the information-onented 
s society realized by transmission and recording of digital 
information signals, both a number of types of informa- 
tion to be processed and a quantity of information are 
increasing, and materialization of an efficient digital 
modulation mode for effectively transmitting and record- 
10 ing digital information signals which tend to increase has 
been long-awaited. 

[0007] The efficient digital modulation mode enables 
a larger quantity of digital information signals to be re- 
corded on a digital signal storage medium having a re- 

15 stricted recording frequency capacity by performing dig- 
ital modulation using modulation signal frequency com- 
ponents which is as low as possible. 
[0008] Further, although the digital modulation signal 
recorded on the digital signal storage medium is a low 

20 direct-current component because of a magnetic repro- 
duction characteristic in case of magnetic recording, re- 
duction in level of the direct-current component included 
in the digital modulation signal is demanded in order to 
perform tracking control which obtains a digital modula- 

25 tion signal while tracking directly above a recording track 
even in case of a discoid high-density storage medium 
such as an optical disk. 

[0009] in this manner, the characteristic of the digital 
modulation signal in the present day lies in that a f re- 
st? quencyofthemodulationsignalisalowfrequencyband, 
and It is often the case that the direct-current frequency 
component is obtained as a signal which is as low as 
possible. Furthermore, a technique for conversion en- 
coding is often used in orderto obtain such a modulation 
35 signal. 

[0010] The conversion encoding is a method such as 
8-10 block conversion which encodes 258 types of in- 
formation signals each consisting of, e.g., eight bits by 
selecting 256 types of codes having a number of t and 
40 that of 0 being substantially equal to each other and a 
smaller quantity of direct-components from 1 024 codes 
each of which can be represented by 10 bits, and this 
method is also adopted in DAT (Digital Audio Tape re- 
corder). 

45 [0011] Moreover, although a CD (Compact Disc) 
adopts an EFM (Eight to Fourteen Modulation) mode 
which converts an eight-bit signal into a 14-bit signal se- 
ries, the EFM modulation mode uses an encoded series 
in which a redundant bit used for suppressing the direct- 

50 current component is set. 

[0012] in addition, since the encoding efficiency can 
be further increased as long as a digital conversion sig- 
nal in which the direct-current component is suppressed 
can be generated without setting such a redundant bit, 

55 there has been developed a method which reduces the 
direct-current component by applying DS V (Digital Sum 
Value) control on a recording code series to be recorded 
on a high-density information recording medium. 
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[0013] Suppression of the digital modulation signal 
iower component in a high-density discoid optical stor- 
~~ age medium typified by the optical disk Birris^ minimi- 
zation of adverse affect on performance for executing 
high-speed servo control by a lower component of the 
recording signal series which has been mixed in a focus 
servo signal or the like as well as a tracking servo signal, 
and also reduction in undesirable servo control opera- 
tions such as an erroneous control operation by which 
a reference level for signal detection fluctuates when de- 
tecting an error signal for servo. 
[0014] As to reduction in the signal component ap- 
plied to such undesirable servo control, for example, the 
DVD Forum which operates for DVD (Digital versatile 
Disc) standardization expressly provides a method of 
DSV control in the physical specification of a DVD-ROM. 
[0015] Meanwhile, the DSV control method expressly 
provided in the DVD-ROM physical specification reduc- 
es generation of an undesirable error signal by decreas- 
ing an absolute value of a DSV value^tth^blhtm time 
of DSV control. Although the lower component in the 
digital modulation signal can be reduced, there has 
been demanded establishment of a technique for gen- 
erating the digital modulation signal for effecting high- 
performance DSV control which does not generate the 
lower component at any other point in time than DSV 
control 

[0016] As to such a method for effecting DSV control 
by detecting a peak voltage value of the DSV signal, al- . 
though Japanese patent application laid-open No. 
2000-295109 "Digital Modulation Apparatus - is dis- 
closed, Its DSV control method optimizes the DSV con- 
trol by using a data scrambling technique, and rt can not 
be applied to, e.g., a digital modulation mode which is 
based on block conversion using no data scrambling 
technique. 

SUMMARY OF THE INVENTION 

[001 7] In view of he above-described drawbacks, it is 
an object of the present invention to provide a digital 
signal modulation method which performs run-length 
limited encoding targeting at a discoid high-density stor- 
age medium such as optical disk by using encode tables 
which'convert data~conslsting of p bits" Into a code word 
consisting of q bits, enables a DSV control method hav- 
ing a better direct-current component suppression char- 
acteristic than that in the prior art and can inexpensively 
provide a structure of a modulation apparatus adopting 
the DSV control method, a digital signal modulation ap- 
paratus, a storage medium, a transmission apparatus, 
and a program. 

[0018] rt is another object of the present invention to 
provide a digital signal modulation method which can be 
applied to a digital modulation mode based on block 
conversion using no data scrambling technique, a digital 
signal modulation apparatus, a storage medium, a 
transmission apparatus and a program. 



[0019] It is still another object of the present invention 
to provide an encoding method which can demonstrate 

the higher DO suppression capability as compared with— 

the prior art in the same degree of redundancy, an en- 

5 coding apparatus, a storage medium and a program. 
[0020] To achieve this aim, there is provided a digital 
signal modulation method which generates a code word 
data group by repeating a of number of times an oper- 
ation for converting source data whose bit number is p 

to (p is a positive integer) into code word data whose bit 
number is q {q is a larger integer than p), generates syn- 
chronous words at predetermined bit intervals, obtains 
code word series data by arranging the code word data 
group after the generated synchronous words, and ob- 

15 tains a signal to be supplied to a storage medium or a 
transmission medium by NRZI-converting the obtained 
code word series signal, the digital signal modulation 
method comprising: a first step of simultaneously gen- 
erating a first synchronous word and a second synchro- 

20 " nous word; having respective numbers" of times of inver- ~~ 
sion different from each other, by the NRZI conversion; 
a second step of generating the code word data group 
based on a run-length encoding method which restricts 
a run length in a predetermined range, generating first 

25 code word series data by arranging the generated code 
word data group after the first synchronous word, and 
generating second code word series data by arranging 
the code word data group after the second synchronous 
word; a third step of obtaining first direct-current com- 

30 ponent data concerning a direct-current component 
generated when N RZI-co nverting the first code word se- 
ries data and obtaining second direct-current compo- 
nent data concerning a direct-current component gear 
erated when NRZI-converting the second code word ser 

35 ries data based on the first and second code word series 
data generated at the second step; and a fourth step of 
comparing the first direct-current component data with 
the second direct-current component data, and select- 
ing and supplying one having smaller direct-current 

^o component data among the first code word series data 
and the second code word series data. 
[0021] Additionally, to achieve this aim, there is pro- 
vided a digital signal modulation method which gener- 
ates, when specific source data with which first code 

45 word data" and second code word data having different 
patterns can be generated is supplied in case of gener- 
ating a code word data group by repeating a number of 
times an operation for converting source data whose bit 
number is p (p is a positive integer) into code word data 

50 whose bit number is q (q is a larger integer than p), gen- 
erates the code word data group based on source data 
supplied after the specific source data, obtains code 
word series data in which the generated code word data 
group is arranged after the first code word or the second 

55 code word, and obtains a signal to be supplied to a stor- 
age medium or a transmission medium by NRZI-con- 
verting the obtained code word series signal, the digital 
signal modulation method comprising: a first step of 
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generating the first coda word and the second code 
word having respective numbers of times of inversion 
different from each other, by the NRZI conversion ; a sec- 
ond step of generating the codeword data group based 
on a run-length encoding method which restricts a run 5 
length in a predetermined range, generating first code 
word series data by arranging the generated code word 
data group after the first code word, and generating sec- 
ond code word series data by arranging the code word 
data group after the second code word; a third step of to 
obtaining first direct-current component data concern- 
ing a direct-current component generated when NRZI- 
converting the first code word series data and obtaining 
second direct-current component data concerning a di- 
rect-current component generated when NRZI -convert- *5 
ing the second code word series data based on the first 
and second code word series data generated at the sec- 
ond step; and a fourth step of comparing the first direct- 
current component data with the second direct-current 
component data, and selecting and supplying one hav- 20 
ing smaller direct-current data among the first code word 
series data and the second code word series data. 
[0022] Additionally, to achieve this aim, there is pro- 
vided a program which causes a computer to execute 
the first to fourth steps defined in the above first or sec- 25 
ond aspect of the present invention. 
[0023] Further, to achieve this aim, there is provided 
a digital signal modulation apparatus which generates 
a code word data group by repeating a number of times 
an operation for converting source data whose bit so 
number is p (p is a positive integer) into code word data 
whose bit number is q (q is a larger integer than p), gen- 
erates synchronous words at predetermined bit inter- 
vals, obtains code word series data by arranging the 
code word data group after the generated synchronous 35 
words, and obtains a signal to be supplied to a storage 
medium or a transmission medium by NRZI-converting 
the obtained code word series data, the digital signal 
modulation apparatus comprising: synchronous word 
generating means for simultaneously generating a first 
synchronous word and a second synchronous word 
having respective numbers of times of inversion differ- 
ent from each other, by the NRZI conversion; code word 
series data generating means for generating the code 
word data group based on a run-length encoding meth- 45 
od which restricts a run length in a predetermined range, 
generating first code word series data by arranging the 
generated code word data group after the first synchro- 
nous word, and generating second code word series da- 
ta by arranging the code word data group after the sec- so 
ond synchronous word; DSV calculating means for re- 
ceiving the first and second code word series data gen- 
erated by the code word series data generating means, 
obtaining first direct-current component data concern- 
ing a direct-current component generated when NRZI- ss 
converting the first code word series data, and obtaining 
second direct-current component data concerning a di- 
rect-current component generated when NRZI-convert- 
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ing the second code word series data; and code word 
outputting means for comparing the first direct-current 
component data with the second direct-current compo- 
nent data, and selecting and supplying one having 
smaller direct-current data from the first code word se- 
ries data and the second code word series data. 
[0024] Furthermore, in order to achieve the above-de- 
scribed aim, there is provided a digital signal modulation 
apparatus which generates, when specific source data 
with which first code word data and second code word 
data having different patterns can be generated is sup- 
plied in case of generating a code word data group by 
repeating a number of times an operation for converting 
source data whose bit number is p (p is a positive inte- 
ger) into code word data whose bit number is q (q is a 
larger integer than p), generates the code word data 
group based on source data supplied after the specific 
source data, obtains codeword series data in which the 
generated code word data group is arranged after the 
first code word or the second code word, and obtains a 
signal to be supplied to a storage medium or a transmis- 
sion medium by NRZI -converting the obtained code 
word series data, the digital signal modulation appara- 
tus comprising: code word generating means for gener- 
ating the first code word and the second code word hav- 
ing respective numbers of times of inversion different 
from each other, by the NRZI conversion; code word se- 
ries data generating means for generating the code 
word data group based on a run-length encoding meth- 
od which restricts a run length in a predetermined range, 
generating first code word series data by arranging the 
generated code word data group after the first code 
word, and generating second code word series data by 
arranging the code word data group after the second 
code word; DSV calculating means for receiving the first 
and second code word series data generated by the 
code word series data generating means, obtaining first 
direct-current component data concerning a direct-cur- 
rent component generated when NRZI-converting the 
first code word series data, and obtaining second direct- 
current component data concerning a direct-current 
component generated when NRZI-converting the sec- 
ond code word series data; and code word outputting 
means for comparing the first direct -current component 
data with the second direct-current component data, 
and selecting and supplying one having smaller direct- 
current component data from the first code word series 
data and the second code word series data. 
[0025] Moreover, in order to achieve the above-de- 
scribed aim, there is provided a digital signal storage 
medium on which a signal is recorded, signal of which 
is obtained by generating a code word data group by 
repeating a number of times an operation for converting 
source date whose bit number is p (p is a positive inte- 
ger) into code word data whose bit number is q {q is a 
larger integerthan p), generating synchronous words at 
predetermined bit intervals, arranging the codeword da- 
ta group afterthe generated synchronous words in order 
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to obtain code word series data, and NRZi-con verting 
the code word series signal, wherein the digital signal 

~ storage medium hasthe codeword series data recorded - 
thereon, the code word series data being obtained by 
the following steps of: simultaneously generating a first 
synchronous word and a second synchronous word 
having respective numbers of times of inversion differ- 
ent from each other, by the NRZI conversion; generating 
the code word data group based on a run-length encod- 
ing method which restricts a run length in a predeter- 
mined range, generating a first code word series data 
by arranging the generated code word data group after 
the first synchronous word, and generating second code 
word series data by arranging the code word data group 
after the second synchronous word; obtaining first di- 
rect-current component data concerning a direct-cur- 
rent component generated when NRZI-converting the 
first code word series data, and obtaining second direct- 
current data concerning a direct-current component 

"generated when N RZfncbhvertihg the second code word" 
series data; and comparing the first direct-current com- 
ponent data with the second direct-current component 
data, and selecting one having smaller direct-current 
data from the first code word series data and th e second 
code word series data, thereby recoding said selected 
and obtained code word series data. 
[0026] In addition, in order to achieve the above-de- 
scribed aim, there is provided a digital signal storage 

„ medium on which a signal is recorded, signal of which„ 
is obtained by generating, when specific source data 
with which first code word data and second code word 
data having different patterns can be generated is sup- 
plied in case of generating a code word data group by 
repeating a number of times an operation for converting 
source data whose bit number is p (p is a posrtive inte- 
ger) into code word data whose bit number is q (q is a 
larger integer than p), the code word data group based 
on source data supplied after the specific source data, 
arranging the generated code word data group afterthe 
first code word or the second code word in order to ob- 
tain code word series data, and NRZI -converting the ob- 
tained codeword series signal, wherein the digital signal 
storage medium has the codeword series data recorded 
thereon, the code word series data being obtained by 

" the steps of: generating the first code word and the sec- 
ond code word having respective numbers of times of 
inversion different from each other, by the NRZI conver- 
sion; generating the code word data group based on a 
run-length encoding method which restricts a run length 
in a predetermined range, generating first code word se- 
ries data by arranging the generated code word data 
group afterthe first code word, and generating second 
code word series data by arranging the code word data 
group afterthe second code word; obtainingfirst direct- 
current component data concerning a direct-current 
component generated when NRZi-converting the first 
codeword series data, and obtaining second direct-cur- 
rent component data concerning a direct-current com- 



ponent generated when NRZI-converting the second 
code word series data; and comparing the first direct- 
current component-data with the second direct-current- 
component data, and selecting one having smaller di- 
rect-current data from the first code word series data 
and the second code word series data, thereby record- 
ing said selected and obtained code word series data- 
£0027] Additionally, in order to achieve this aim, there 
is provided a digital signal modulation method which 
generates a code word data group by repeating a 
number of times an operation for converting source data 
whose bit number is p (p is a positive integer) into code 
word data whose bit number is q (q is a larger integer 
than p), generates synchronous words at predeter- 
mined bit intervals, obtains code word series data by ar- 
ranging the code word data group after the generated 
synchronous words, and NRZi-converts and outputs a 
signal of the obtained code word series data, the digital 
signal modulation method comprising: a first step of si- 
multaneously geheratiriga first synchronous word and 
a second synchronous word having respective numbers 
of times of inversion different from each other, by the 
NRZI conversion; a second step of generating the code 
word data group based on a run-length limited rule 
which restricts a run length in a predetermined range, 
generating first code word series data by arranging the 
generated code word data group afterthe first synchro- 
nous word, and generating second code word series dar 
ta by arranging the code word data group after the sec- 
ond synchronous word; a third step of obtaining first di r 
red-current component data concerning a direct-cur- 
rent component generated when NRZI-converting the 
first code word series data and obtaining second direct* ■ 
current component data concerning a direct-current - 
generated when NRZI-converting the second code word 
series data based on the first and second code word 
series data generated at the second step; a fourth step 
of obtaining first direct-current component square data 
by squaring the first direct-current component data ob- 
tained at the predetermined bit intervals and obtaining 
second direct-current component square data by squar- 
- ing the second direct-current component data obtained 
at the predetermined bit intervals; and a fifth step of 

comparing the first direct-current component square da- 

~ 45- ta with the second direct-current component square da-"" 
ta, and selecting and outputting one having smaller di- 
rect-current component square data from the first code 
word series data and the second code word series data. 
[0028] Further, in order to achieve the above-de- 
scribed aim, there is provided a digital signal modulation 
method which generates a code word data group by re- 
peating a number of times an operation for converting 
source data whose bit number is p(p is a positive inte- - 
ger) into code word data whose bit number is q (q is a 
larger integer than p), generates the code word data 
group based source data inputted after specific source 
data when the specific source data with which a first 
code word and a second codeword having different pat- 
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terns can be generated is inputted in case of generating 
synchronous words at predetermined bit intervals, ar- 
ranges the generated code word data group after the 
first code word or the second code word, obtains code 
word series data in which the synchronous words are 
inserted at the predetermined bit intervals, and NRZI- 
converts a signal of the obtained code word series data 
and output the NR2 1 -converted signal, the digital signal 
moduiation method comprising: a first step of generating 
the first code word and the second code word having 
respective numbers of times of inversion different from 
each other, by the NRZI conversion; a second step of 
generating the code word data group based on a run- 
length limited rule which restricts a run length in a pre- 
determined range, generating first code word series da- 
ta by arranging the generated code word data group af- 
ter the first code word, and generating second code 
word series data by arranging the code word data group 
after the second code word; a third step of obtaining first 
direct-current component data concerning a direct-cur- 
rent component generated when NRZI -con verting the 
first code word series data and obtaining second direct- 
current component data concerning a direct-current 
generated when N RZi-converting the second code word 
series data based on the first and second code word 
series data generated at the second step; a fourth step 
of obtaining first direct-current component square data 
by squaring the first direct-current component data ac- 
quired at the predetermined bit intervals and obtaining 
second direct-current component square data by squar- 
ing the second direct-current component data acquired 
at the predetermined bit intervals; and a fifth step of 
comparing the first direct-current component square da- 
ta with the second direct-current square data, and se- 
lecting and outputting one having smaller direct-current 
component square data from the first code word series 
data and the second code word series data 
[0029] Furthermore, in orderto achieve the above-de- 
scribed aim, there is provided a digital signal modulation 
apparatus which generates a code word data group by 
repeating a number of times an operation for converting 
source data whose bit number is p (p is a positive inte- 
ger) into code word data whose bit number is q (q is a 
larger integer than p) : generates synchronous words at 
predetermined bit intervals, obtains code word series 
data by arranging the code word data group after the 
generated synchronous words, and NRZI-converts a 
signal of the obtained code word series data and outputs 
the NRZi-converted signal, the digital signal modulation 
apparatus comprising: synchronous word generating 
means for simultaneously generating a first synchro- 
nous word and a second synchronous word having re- 
spective numbers of times of inversion different from 
each other, by the NRZI conversion; code word series 
data generating means for generating the code word da- 
ta group based on a run-length limited rule which re- 
stricts a run length in a predetermined range, generating 
first code word series data by arranging the generated 



code word data group after the first synchronous word, 
and generating second code word senes data by ar- 
ranging the code word data group after the second syn- 
chronous word; DSV calculating means for receiving the 
5 first and second code word series data generated by the 
code word series data generating means, obtaining first 
direct-current component data concerning a direct-cur- 
rent component generated when NRZI-converting the 
first code word series data, and obtaining second direct- 

10 current component data concerning a direct-current 
component generated when NRZI-converting the sec- 
ond code word series data: DSV square calculating 
means for obtaining first direct -current component 
square data by squaring the first direct-current compe- 
ls nent data acquired at the predetermined bit intervals 
and obtaining second direct-current component square 
data by squaring the second direct-current component 
data acquired at the predetermined bit intervals; and 
code word outputting means for comparing the first di- 

20 rect-current component square data with the second di- 
rect-current component square data, and selecting and 
outputting one having smaller direct-current component 
square data from the first code word series data and the 
second codeword series data. 

25 [0030] Moreover, in order tc achieve the above-de- 
scribed aim. there is provided a digital signal modulation 
apparatus which generates a code word data group by 
repeating a n umber of times an operation for converting 
source data whose bit number is p (p is a positive inte- 

30 ger) into code word data whose bit number is q (q is a 
larger integer than p), generates the code word data 
group based on source data inputted after specific 
source data when the specific source data with which a 
first codeword and a second code word having different 

25 patterns can be generated is inputted in case of gener- 
ating synchronous words at predetermined bit intervals, 
arranges the generated code word data group after the 
first code word or the second code word, obtains code 
word series data in which the synchronous words are 

40 inserted at the predetermined bit intervals, and NRZI- 
converts a signal of the obtained code word series data 
and outputs the NRZI-converted signal, the digital signal 
modulation apparatus comprising: code word generat- 
ing means for generating the first code word and the 

45 second code word having respective numbers of times 
of inversion different from each other by the NRZI con- 
version; code word series data generating means for 
generating the code word data group based on a run- 
length limrted rule which restricts a run length in a pre- 

50 determined range, generating first code word series da- 
ta by arranging the generated code word data group af- 
ter the first code word, and generating second code 
word series data by arranging the code word data group 
after the second code word; DSV calculating means for 

55 receiving the first and second code word series data 
generated by the code word series data, obtaining first 
direct-current component data concerning a direct-cur- 
rent component generated when NRZI-converting the 
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first code word series data, and obtaining second direct- 
current component data concerning a direct-current 
" "component'generated when NRZI-converting the sec- 
ond code word series data; DSV square calculating 
means for obtaining first direct-current component 
square data by squaring the first direct-current compo- 
nent data acquired at the predetermined bit intervals, 
and obtaining second direct-current component square 
data by squaring the second direct-current component 
data acquired at the predetermined bit intervals; and 
code word outputting means for comparing the first di- 
rect-current component square data with the second di- 
rect-current component square data, and selecting and 
outputting one having smaller direct-current component 
square data from the first code word series data and the 
second code word series data. 
[0031] In addition, tn order to achieve the above-de- 
scribed aim, there is provided a storage medium, where- 
in the code word series data generated by the digital 
"signal modulation apparatusls NRiZl^rwerted and re-" 
corded. 

[0032] Additionally, in order to achieve the above-de- 
scribed aim, there is provided a transmission apparatus 
comprising atransmission encoding portion which adds 
a header to the code word series data generated and 
NRZI-converted by the digital signal modulation appa- 
ratus and realizes a packet of the code word series data, 
wherein the packet outputted from the transmission en- 
coding portion is transmitted to a transmission path. ..... 

[0033] Further, in order to achieve the above-de- 
scribed aim, there is provided a program which executes 
the first to fifth steps of the digital signal modulation 
method by a computer. 

[0034] Furthermore, in orderto achieve the above-de- 
scribed aim, there is provided an encoding method 
which associates a specific input data word with a plu- 
rality of different code words, and selects and outputs a 
specific code word from the plurality of different code 
words when encoding an input data word consisting of 
p bits into a code word consisting of q bits (where q > 
p) and outputting the code word as a bit string to which 
a predetermined run-length limited rule is applied, 
wherein, in case of selecting the specific code word, 
reckoning from an absolute value of DSV at a selectable 
point in time, encoding is performed in accordance with 
each selectable code word in order to integrate the ab- 
solute value of DSV, results of integration of the absolute 
value of DSV for the plurality of different code words are 
compared with each other in largeness, thereby select- 
ing and outputting the specific code word. 
[0035] Moreover, in order to achieve the above-de- 
scribed aim, there is provided a storage medium, where- 
in a code word string obtained by the encoding method 

is NRZI-converted and recorded. 

[0036] in addition, in order to achieve the above-de- 
scribed aim, there is provided an encoding method 
which performs DSV control by adding one redundant 
bit selected from a plurality of different redundant bits 



every predetermined number of code words to an out- 
putted code word string when encoding an input data 

word consisting of p bits into a code word consisting of 

q bits (where q > p) and outputting the code word as a 

5 bit string to which a predetermined run-length limited 
rule is applied, wherein, in case of selecting the redun- 
dant bit, reckoning from an absolute value of DSV at a 
selectable point in time, encoding is performed in ac- 
cordance with each selectable redundant bit in order to 

10 integrate the absolute value of DSV, results of integra- 
tion of the absolute value of DSV for a plurality of differ- 
ent code words each having the redundant bit added 
thereto are compared with each other in largeness, and 
the one redundant bit is consequently selected, thereby 

15 outputting the code word string and the selected one re- 
dundant bit. 

[0037] Additionally, in order to achieve the above-de- 
scribed aim, there is provided a storage medium, where- 
in the code word string and the selected one redundant 
~2£rnbltl>btained by the ehcodiri'g'methodls NRZI-converted" 
and recorded. 

[0038] Further, in order to achieve the above-de- 
scribed aim, there is provided an encoding apparatus 
which performs DSV control by associating a plurality of 

25 different code words with a specific input data word and 
selecting and outputting a specific code word from the 
plurality of different code words when encoding an input, 
data word consisting of p bits into a code word consist-, 
.ingot qbits (whereq>p) and outputting the code_ word, „ 

so as a bit string to which a predetermined mn-length limn 
ited rule is applied, the encoding apparatus comprising: 
a detection circuit which detects whether there is an al- 
ternative of the code word with respect to the input data 
word; a calculation portion which outputs the plurality of 

35 different code words corresponding to the input data 
word wh en a res ult of altem ative detection supplied from 
the detection circuit indicates presence of an alternative, 
and outputs one code word corresponding to the input 
data word when a result of detection from the detection 

40 circuit indicates absence of an alternative; a plurality of 
storing means for accumulating output code words after 
a point in time of outputting an output code word and a 
code word inputted from the calculation portion imme- 
diately before with respect to each of a plurality of code 

45^ "word strings outputted" from" the" calculation portion 
through a plurality of paths/and storing a DSV value ob- 
tained from an output code word selected in the past 
and a code word immediately precedentiy inputted from 
the calculation portion; and outputting means for com- 

50 paring integrated values of absolute values of DSV val- 
ues before an Immediately preceding code word sup- 
plied from the plurality of storing means with each other, 

selecting and outputting a code word of the storing 

means corresponding to a smallest integrated value, 

55 and substituting a content of the selected storing means 
for a content of the unselected storing means among 
the plurality of storing means, wherein the outputting 
means performs encoding for each selectable code 
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word and integrates the absolute value of DSV reckon- 
ing from the absolute value of DSV at a point in time of 
selectable conversion. 

[0039] Furthermore, in order to achieve the above-de- 
scribed aim, there is provided an encoding apparatus s 
which performs DSV control by adding one redundant 
bit selected from a plurality of different redundant bits 
for each predetermined number of code words to an out- 
putted code word string when encoding an input bit word 
consisting of p bits into a code word consisting of q bits fO 
(where q > p) and outputting the code word as a bit string 
to which a predetermined run-length limited rule is ap- 
plied, the encoding apparatus comprising: a calculation 
portion which adds a plurality of the different redundant 
bits for each predetermined number of code words; a *5 
plurality of storing means for accumulating an output 
code word and a redundant bit after a point in time of 
outputting the output code word and a code word and a 
redundant bit inputted from the calculation portion im- 
mediately before with respect to each of a plurality of 20 
code word strings including redundant bits outputted 
from the calculation portion through a plurality of paths 
corresponding to the plurality of different redundant bits, 
and storing a DSV value obtained from an output code 
word and a redundant bit selected in the past and a code ? 5 
word and a redundant bit immediately precedently in- 
putted from the calculation portion; and outputting 
means for comparing integrated values of absolute val- 
ues of DSV values up until an immediately preceding 
code word and a redundant bit supplied from the plural- so 
ity of storing means with each other, selecting and out- 
putting a code word and a redundant bit of a storing 
means corresponding to a smallest integrated value, 
and substituting a content of selected storing means for 
a content of unseiected storing means among the plu- 35 
ralrty of storing means, wherein the outputting means 
performs encoding in accordance with each selectable 
redundant bit and integrates the absolute values of DSV, 
reckoning from an absolute value of DSV at a point in 
time of selectable conversion. 

[0040] Moreover, in order to achieve the above-de- 
scribed aim, there is provided a computer program 
which causes the detection circuit, the calculation por- 
tion, the plurality of storing means and the outputting 
means in the encoding apparatus to function as a com- 45 
puter. 

[0041] The nature, principle and utility of the invention 
will become more apparent from the following detailed 
description when read in conjunction with the accompa- 
nying drawings. so 

BRIEF DESCRIPTION OF THE DRAWINGS 



[0042] In the accompanying drawings: 

FIG.1 is a schematic block diagram of a digital sig- 
nal modulation apparatus according to a first em- 
bodiment of the present invention; 
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FJG.2 is a block diagram showing a p-q modulation 
portion which is a primary part of the digital signal 
modulation apparatus according to the first embod- 
iment of the present invention; 
FIG.3 is a view showing an example of coding ta- 
bles in RLL (1 , 9) limitation wherein p = 4 and q = 
6 ( which is used in the first embodiment according 
to the present invention; 

FIG .4 shows conditions when presence of an alter- 
native is determined according to the first embodi- 
ment of the present invention; 
FIG .5 shows an example of synchronous signals 
used in accordance with a value of S(k) according 
to the first embodiment of the present invention; 
FIG.6 is a flowchart showing an operation of the p- 
q modulation portion according to the first embodi- 
ment of the present invention; 
FIGS.7A and 7B are views showing examples of 
values of CDS and DSV with respect to a generated 
code word according to the first embodiment of the 
present invention; 

FiG.8 is a view showing how the code word and a 
DSV level varies in time according to the first em- 
bodiment of the present invention; 
FIG.3 shows values of CDS with respect to code 
words in the form of a table according to the first 
embodiment of the present invention; 
FIG. 10 is a schematic block diagram showing an 
example of a digital signal recording apparatus hav- 
ing a digital signal modulation apparatus according 
to a second embodiment of the present invention 
mounted thereon; 

FIG.1 1 is a block diagram showing a p-q modulation 
portion which is a primary part of the digital signal 
modulation apparatus according to the second em- 
bodiment of the present invention; 
FIG.12 is a view showing an example of coding ta- 
bles, in which p = 4 and q = 6 and which is under 
RLL (1, 9) limitation, used in the second embodi- 
ment according to the present invention; 
FIG.1 3 is an explanatory view of conditions when 
presence of an alternative is determined by a code 
word alternative presence/absence detection cir- 
cuit illustrated in FIG.1 1 according to the second 
embodiment of the present invention; 
FIG.1 4 is an explanatory view showing an example 
of synchronous words used in accordance with val- 
ues of status information S(k) in the coding tables 
utilized in the second embodiment according to the 
present invention; 

FIG.1 5 is a flowchart for illustrating the operation of 
the second embodiment according to the present 
invention; 

FIGS.16A and 16B are views showing values of 
CDS and DSV with respect to code words generat- 
ed in the second embodiment according to the 
present invention; 

FIG.1 7 is a view showing an example of the rela- 
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tionship between the code word and the DSV level 
for illustrating the operation of a DSV square oper- 
- ation integration-portion irr FIG.1 1-accordmg to the- 
second embodiment of the present invention; 
FIG. 1 8 is a view showing a table of CDS values cal- 
culated with respect to the code word according to 
the second embodiment of the present invention; 
FIG.19 is a schematic block diagram showing an 
example of a digital signal transmission apparatus 
having a digital signal modulation apparatus ac- 
cording to a third embodiment of the present inven- 
tion mounted thereon; 

FIG.20 is a schematic block diagram showing an 
example of a reception apparatus which receives 
packet data transmitted from the digital signal trans- 
mission apparatus illustrated in FIG.19; 
FIG.21 is a block diagram showing an encoding ap- 
paratus according to a fourth embodiment of the 
present invention; 

RG.22 is a block diagram of a 4-6 modulation por- 
tion which is a primary part of the encoding appa- 
ratus according to the fourth embodiment of the 
present invention; 

FIG.23 shows types of a code word consisting of six 
bits satisfying (1 , 7) RLL limitation according to the 
fourth embodiment of the present invention; 
FIG.24 is a view showing coding tables used in the 
fourth embodiment according to the present inven- 
tion; : 

FiG^ is a view for illustrating conditions enabling 
exchange between two coding tables in order to sat- 
isfy (1, 9) RLL limitation in the fourth embodiment 
according to the present invention; 
RG.2S is a view for illustrating selection information 
and output code words of the coding tables of FIG. 
24 used when encoding an input data word D(k) in 
units of four bits based on (1 , 7) RLL limitation in 
the fourth embodiment according to the present in- 
vention; 

FIG.27 is a block diagram showing an example of 
a selection judgment portion in FIG.22; 
FIGS.28A and 28B are views showing that an out- 
put level after NRZJ modulation is inverted based 
on the fact that the numbers of "1" included in re- 
spective output code words C(k) differ from each - 
other according to the fourth embodiment of the 

present invention; — 

FIG.29 is a view showing an example of a format of 
an output signal in the fourth embodiment according 
to the present invention; 

FIG.30 is a view showing the relationship between 
types of preceding code words and redundant bit 
patterns used in the forth embodiment according to 

the present invention; 

FIG.31 isaflowchartforillustratingtfieencoding op- 
eration according to the fourth embodiment of the 
present invention; and "~ ~~ 
F1GS.32A and 328 are views showing that the po- 
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iarity of DSV after NRZ1 modulation is inverted 
based on the difference of a redundant bit in the 
fourth embodiment according to the present inven- 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

<Rrst Embodiment 



[0043] A digitaJ signal modulation method, a digital 
signal modulation apparatus and a storage medium ac- 
cording to the present invention will now be described 
based on preferred embodiments hereinafter. 
15 [0044] FIG.1 shows a schematic structure of a digital 
signal modulation apparatus to which an embodiment 
of the digital signal modulation method is applied. 
[0045] The digital signal modulation apparatus 1 illus- 
trated in the drawing is constituted by a formatting por- 
20 tionH7a p-q modulation portion 12; coding tables 13a, 
13b, 13n, an NRZJ (Non Return to Zero Inverse) con- 
version portion 14, and a recording drive portion 15. A 
signal of the digital signal modulation apparatus consti- 
tuted in this manner is supplied to a recording apparatus 
25 (not shown) used for recording information on a storage 
medium 2, or supplied to a transmission medium 3 
through a transmission encoding portion 31 . An outline 
of the operation of the digital signal modulation appara- 
tus 1 will now be given. 

30 [0046] A digital information signal such as video or 
sound compressed and encoded based on M PEG (mov- 
ing picture experts group)-2 or the like is supplied to a 
formatting portion 11 where an error correction code is 
added to the supplied digital information signal, supplied. 
35 data is scrambled, interleaved or the like. The thus proc- 
essed information signal is divided into source data 

each consisting of p bits (p is an integer larger than 1 ,.. 

e.g., 4), and the divided source data each consisting of 
p bits is supplied to the p-q modulation portion 12. 
40 [0047] The p~q modulation portion 12 is a circuit which 
block-converts a signal of the source data which is an 
information signal supplied in p bits to generate a signal 
consisting of q-bit (q is an integer larger than p, e.g., 6) 
encoding data Further, the p-q modulation portion 12 _ 
- 45 - treats a predetermined number of source data as a unit 
and operates to insert a predetermined synchronous 
word each unit. 

[0048] Furthermore, the p-q modulation portion 12 in- 
cludes the coding tables 13a, 13b, .... 13n,andthesup- 
so plied source data is outputted as a code word series sig- . 
nal obtained by sequentially block-converting source 
data into q-bit code words while the DSV (Digital Sum 
. Value) control based on the later-described method is_ 
performed making reference to the coding tables 13a, 
55 13b,..., 13n. 

[0049] The code word series signal obtained by the 
— block conversion issuppfiedtotheNRZI conversion por- 
tion 1 4 where the su pplied coded bit series signal is sub- 
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jected to NRZi conversion. A digital modulation signal 
obtained by the conversion is supplied to the recoding 
drive portion 15, In order to record the inputted digital 
modulation signal onto the storage medium 2 which is, 
e.g., an optical disk, the recording drive portion 15 
changes the intensity of a laser beam in accordance with 
the digital modulation signal The laser beam whose in- 
tensity has been changed is emitted onto the storage 
medium 2, and recording of the digital modulation signal 
according to the intensity is performed. 
[0050] Moreover the digital-modulated signal is sup- 
plied to the transmission encoding portion 31 , and sec- 
ond digrtal modulation fs carried out in such a manner 
that this signal is turned into a signal suitable as a signal 
to be transmitted through the transmission medium 3. 
Then, the modulated signal is transmitted through the 
transmission medium 3. 

[0051] Here, for example, even if the digital modula- 
tion signal obtained by the digital signal modulation ap- 
paratus 1 is supplied to any other peripheral as a base 
band signal and the inter-apparatus ground potential is 
different between the digital signal apparatus 1 and any 
other peripheral and they are coupled by a high-frequen- 
cy transformer or the like, the digital modulation signal 
outputted from the digital signal modulation apparatus 
1 hardly includes a direct-current component. There- 
fore, the digital modulation signal can be stably trans- 
mitted. 

[0052] I n this way ; the digital signal modulation appa- 
ratus 1 performs p-q modulation and NRZl modulation 
on the inputted digital information signal so that the di- 
rect-current component can be suppressed, optically 
modulates the modulated signal, and outputs as output 
light a laser beam obtained by the optical modulation, 
or outputs a digital modulation signal as a base band 
signal to be supplied to the transmission medium 3. 
[0053] Detailed explanationwillnowbegivenastothe 
structure and the operation of the p-q modulation portion 
1 2 wh ich is a primary part of the digital signal modulation 
apparatus 1 . 

[0054] FIG. 2 shows the structure of the p-q modula- 
tion portion 12 in detail. 

[0055] The p-q modulation portion 12 in the drawing 
is constituted by a code word attemative presence/ab- 
sence detection circuit 1 21 , a coding table address gen- 
eration portion 122 including coding tables 13a, 13b, .... 
13n and a synchronous word generation portion 123, a 
code word memory 124, a code word memory 125, a 
peak value calculation portion 16, and a memory con- 
trol/code output portion 128. Further, the peak value cal- 
culation portion 1 6 is constituted by the DSV calculation 
peak value memory 126, the DSV calculation peak val- 
ue memory 127 and the peak value comparison portion 
129. 

[0056] The operation of the p-q modulation portion 1 2 
constituted in this manner will now be described. 
[0057] The synchronous word generation portion 1 23 
generates two types of synchronous words correspond- 



ing to a status S(k) which is a function representing a 
status, for each predetermined number of sets of p-bit 
source data. That is, the two synchronous words have 
respective DSV polarities which are reverse from each 
5 other and they are code words which are preset so as 
to become the numbers of 1 included in respective code 
bits thereof different from each other. One synchronous 
word is supplied to the code word memory 124 as C(k) 
0, and the other synchronous word is supplied to the 

to code word memory 125 as C{k)1 . These two synchro- 
nous words are supplied to the DSV calculation peak 
value memory 126 and the DSV calculation peak value 
memory 127, respectively. Each DSV calculation peak 
value memory performs the calculation of DSV and ob- 

15 tains a peak value of an absolute value thereof. The 
memory content of the peak value which has been pre- 
viously stored is updated to a newly obtained peak val- 
ue. At the same time, these synchronous words are 
stored in the respective code word memories, and sup- 

20 pjy of the source data is started after the operations as 
described above with respect to the synchronous words. 
[0058] The source data D(k) supplied from the format- 
ting portion 11 is supplied to the address generation por- 
tion 122, and the source data is also supplied to the code 

25 word alternative presence/absence detection circuit 
1 21 . The code word alternative presence/absence de- 
tection circuit 121 detects whether the series of the 
source data includes a code word which can be replaced 
with another code word, which will be described later. 

30 [0059] A result of detection concerning presence/ab- 
sence of an alternative obtained by this detection is sup- 
plied to the coding table address generation portion 122. 
The coding table address generation portion 1 22 per- 
forms different operations depending on the case where 

35 an alternative is detected and the case where an alter- 
native is not detected. 

[0060] Description will be first given as to the opera- 
tion when an alternative is not detected. 
[0061] When a code word concerning an alternative 

40 which can satisfy later-described conditions is not de- 
tected in the source data, the source data supplied in 
the form of p bits is uniquely code-converted into q-bit 
encoding data. The coding tables 1 3a, 1 3b 5 . . . , 1 3n store 
the code words, and the code words obtained by per- 

45 forming code conversion using the coding tables 13a, 
13b, 13n are outputted by specifying address values 
with respect to the coding tables 13a s 13b, .... 13n. 
[0062] Since there is only one code data which can 
be obtained in this manner, the one obtained code word 

so is supplied to both the code word memory 124 and the 
code word memory 125 as C(k)0 and C(k)1 , and the re- 
spective code words of C(k)0 and C(k)1 are suppWed to 
the DSV calculation peak value memory 126 and the 
DSV calculation peak value memory 127. Each DSV 

55 calculation is carried out in these DSV calculation peak 
value memories, and each peak value of each absolute 
value thereof is obtained. Then, the memory content of 
the previously stored peak value is updated to a newly 
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obtained peak value. 

[0OS3] In this manner, the peak value stored in each 
—of the DSV calculation peak value memory 126 and the- 
DSV calculation peak value memory 127 is sequentially 
updated to a peak value generated from the code word 
supplied after each of the two synchronous words 
meanwhile p-q modulation is carried out. 
[0064] The operation when an alternative is detected 
in the code word wifl now be described. When an alter- 
native is detected, two code words can be obtained with 
respect to one set of p-brt source data to be inputted. 
As similar to the fact that the two code word series can 
be created relative to the above-described respective 
synchronous words, with respect to the two code words, 
two code word series can be created based on the two 
code words (namely, four code word series). 
[0065] Thus, when an alternative of the code word is 
detected, a code word series which gives a smaller DSV 
peak value is selected from two code word series rela- 
tive to the two synchronousrwords. " 

[0066] The operation for this selection Is as follows. 
The peak value of an absolute value stored in each of 
the DSV calculation peak value memory 126 and the 
DSV calculation peak value memory 127 is supplied to 
the peak value comparison portion 129 : and ihe both 
peak values are compared with each other in the peak 
value comparison portion 1 29. Then, a result of compar- 
ison is supplied to the memory control/ code output por- 
tion 128. _ 

[0067] The memory control/ code output portion 128 
obtains a code word having a smaller peak value of the 
DSV absolute value as a code word series consisting of 
the code word supplied after the synchronous word from 
the code word memory 124 or the code word memory 
125 based on the comparison result inputted from the 
peak value comparison portion 129. The thus obtained 
code word series is outputted from the memory control/ 
code output portion 128 as a digital modulation signal 
subjected to p-q modulation. 

[0068] At the end of such a series of operations, the 
content of the DSV calculation peak value memories 
stored in the code word memory 124 and the code word 
memory 126 is cleared. With respect to the two code 
word series relative to the two different code words ac- 
quired by detection of an alternative! generation of the - 
code word having a small DSV peak value is restarted 
by DSV value management. 

[0069] That is, after the peak values of DSV stored in 
the DSV calculation peak value memory 126 and the 
DSV calculation peak , value memory 127 are once 
cleared, one of the two code words obtained from the 
source data is supplied to the code word memory 124 
as. C(k)0 and the other is supplied to the code word 
memory 1 25 as C(k)1 . Then, these two code words are 
respectively stored. The peak values of DSV given from 
the code words C(k)0 and C(k)1 are respectively sup- 
pfed to the DSV calculation peak value memory 1 26 and 
the DSV calculation peak value memory 127 and tem- 



porarily stored. 

[0070] As described above, two code word series 

having peak values-of DSV different with those of two 

code word series supplied so far are generated each 

5 time two types of synchronous words are generated at 
predetermined intervals or each time two types of code 
words are obtained, while each of the two code word 
series having respective types of DSV polarities is tem- 
porarily stored in each code word memory. 

10 [0071] Then, atthe time when the synchronous words 
are generated, or two types of selectable code words 
are obtained, the code word series having a smaller 
peak value of DSV is determined and outputted as a dig- 
ital modulation signal. Therefore, although the output 

15 signal is a code word series which is intermittent in time, 
a temporary memory circuit is actually included in the 
memory control/ code output portion 128, and the code 
word series signal which is once recorded in a buffer is 
outputted from the p-q modulation portion 12 as a con- 

20- secutive code word series signal: 

[0072] Description will now be given as to the coding 
tables 13a, 13b, 13n used for performing p-q code 
conversion. 

[0073] FIG. 3 shows an example of the coding tables 
25 in which p = 4 and q = 6 and which is under RLL (1 , 9) 
limitation, 

[0074] The coding tables in this drawing show tables 
of code words in RLL (Run-length Limited) encoding in 
which a number of M 0" existing between "1" and "1" is 



so restricted to 1 to 9 as (1 , 9). 

[0075] That is, the coding tables includes four tables ■■ 
having four status of S(k) = 0 to 3 (in this example, there 
are coding tables 13a, 13b, 13c and 13d, and a, b, c 
and d respectively correspond to 0, 1 , 2 and 3). In these . 

35 tables, S(k) denotes the status of a cocfing table; D(k), 
source data consisting of four (= p) bits; and C(k), a code 
. word consisting of six (= q) bits. C(k) Is notated by both 
a decimal value and a binary value. 
[0076] In FIG. 3, S(k+1 ) represents status information 

40 concerning C(k+1 ) selected after C(k). When obtaining 
the code word C(k*1 } relative to the source data D(k+1) 
to be subsequently inputted, a value to be selected from 
0, 1 , 2 and 3 as S(k+1) is determined by a numeric value 
given by S(k+1 ) in FIG.3. 

45 - [0077] Description will now be given as to conditions 
when the above-described existence of an alternative is 

detected in the thus obtained C(k). 

[0078] F1G.4 shows a table of conditions when condi- 
tions of existence of an alternative are judged. 

50 [0079] In this drawing, D(k) denotes source data con- 
sisting of four bits; C{k), a code word consisting of six 
bits; S(k) , a status of the table at a time k; L(k-1), an 

low order 2ero-run length of C(k-1). 

[0080] In this table, the condition of existence of an 

55 alternative shown as, e.g., a condition 1 corresponds to 
the case that S(k)=3; the low order zero-run length L(k- 
1) of the preceding code word is 4 or 5 and D(k) is not 
more than 6, or L(k-1) is 6 and D(k) satisfies any of 1 , 3 
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and 5. Under this condition, the code word can be 
changed with a counterpart of S(k)=1 . 
[0081] Therefore since there is a changeable code 
word when a condition corresponding to one cf the six 
conditions shown in FIG.4 occurs, a signal indicative of 5 
existence of the alternative s outputted from the cods 
word atternalve presence/absence detection circuit 1 21 
shown in FIG. 2 as an alternative detection result. This 
alternative detection result signai is supplied to the peak 
value comparison portion 12S. and comparison be- 10 
twccn the DSV peak values of the two code word series 
is started. 

[0082] Comparison processing of the DSV peak val- 
ues is also performed at a point in time of generation of 
tne synchronous signal. The synchronous signal will « 
now be described- 

[0083] FIG 5 shows an examole of four synchronous 
signals used in accordance with a value of S(k), 
[0084] In the drawing, there are shown synchronous 
codes each consisting of 24 bits which are given in ac- -° 
cordance witn the respective statuses that S(k) is 0 to 
3. the least significant bit X of each code indicates that 
tne bit may be inverted, it is assLrned that the status 
changes to S(k)=1 after these synchronous signals. 
[0085] When the synchronous words inserted at pre- 25 
determined intervals or two types of selectable code 
words are generated based on the conditions shown in 
FIG. 4. the code word series signal having a smaller 
pea< value of DSV s outputted from the p-q modulation 
portion 12. Description will now be given on the opera- 30 
tion with reference to a flowchart. 
[0086] FIG 6 shows the operation of the p-q modula- 
tion potion in the form of a flowchart, and this operation 
will oe explained. 

[0087] The initial state is first set so as to take an ar- 35 
bitrary S(k) (step S101). and judgment is made upon 
whether any word other than the synchronous word is 
supplied. In case of the synchronous word (No at a step 
$1 02). reference is made to oeak values of DSV stored 
in the respective peak memories in the DSV calculation *o 
peaK value memories 126 and 127. 
[0088] Then . the code word series signal which has a 
smaller peak value of DSV given by each code word se- 
ries and is stored in the code word memory 124 or 1 25 
is selected and outoutted (step S1 11 ). 45 
[0089] After outputting the code word series signal 
the stored content of the code word memory which has 
not been selected is replaced with that of the selected 
code wore memory, and the content of the non-selected 
DSV memory is rewritten by that of the selected DSV so 
memory. Then peak values stored in the selected and 
non-seiec:ed peak value memories are cleared (step 
S112). 

[0090] After clearing the peak vatues : the synchro- 
nous word shown in FIG. 5 is selected in accordance 55 
with a value of S(k) (step S113). For example , the syn- 
chronous word having LSB of 0 is supplied to the code 
word memory 124, and the synchronous word having 



LSB o' 1 is supplied to the code word memory 1 25 (step 
S108). 

[0G91] However, the change of the code word is not 
performed when the code word is not temporarily stored 
in the memory since :he stored content of the memory 
has been supplied as an output signai here. 
[0092] Although the above has described on the op- 
eration when the synchronous word is generated, the 
operation when the synchronous word is not generated 
will now be explained. 

[0093] That is, at a ooint in time when modulation tar- 
get data to be supplied is any data other than a synchro- 
nous word (Yes at a step S102) ; the source data D(k) 
consisting of four bits is supplied to the code word alter- 
native presence/absence detection circuit 121 (step 
S103). 

[0094] As to the code word supplied to the code word 
alternative oresence/absence detection circuit 121. 
whether there is a code word matching with any condi- 
tion shown in FIG.4 is detected. If existence is detected 
(Yes at a step S104). reference is made to the peak 
memories 126 and 127. the code word memory having 
a smaller peak value is selected, and the code word se- 
ries signal stored in the code word memory is outputted 
(step SI 05). 

[0095] After outputting the code word series signal 
the stored content of the non-selected code word mem- 
ory is replaced with :he content of the selected cede 
word memory, and the content of the non-selected DSV 
memory is replaced with the content of the selected DSV 
memory. Then, vaiues of the peak values stored in the 
both peak value memories are cleared (step Si 06). 
[0096] After clearing the peak values, the first and 
second code words a r e selected from the coding tables 
shown in FIG. 3. The first code word is supplied to the 
code word memory 124. and the second code word is 
supplied to the code word memory 125 ; thereby being 
stored in the respective memories (step S108). 
[0097] After storing the code words, a value of CDS 
(Code Word Digital sum) is calculated with respect to 
each of the code words C(k)0 and C(k)1 supplied to the 
first and second code wore memories, and a value of 
DSV is obtained based on that value. The peak value is 
updated so that the calculated value of the peak vaiue 
is stored in each peak memory (step S109). 
[0098] After such a series of operations, judgment is 
made upon whether encoding has been completed 
(step S110). if encoding has been completed (Yes at a 
step S1 1 0). encoding is terminated. If it is yet to be com- 
pleted (Mo at the step S110), the processing is returned 
to the step S102. 

[0099] In this manner the code word series signal 
having a smaller peak vaiue of DSV is obtained, and the 
obtained signai is acquired as an NRZI-modulated sig- 
nal which has a small direct-current component when 
NRZI-modu fated. 

[0100] FiGS.7A and 73 show examples of values of 
CDS and DSV corresponding to the generated code 
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word signal 

[01 01] FIGS. 7 A and 7B show two code words, and G 
- {k-1 ) and C{k+1 ) are the same code words in -HGS.7A-- 
and 7B. C(k) is a changeable code word matching with 
a condition shown as the condition 1 in FIG.4. This is 
the case where the code word "1 01 001 " is selected in 
RG.7A and the code word "001001* is selected in FIG. 
7B. 

[0102] Further, in FIG.7A, since CDS of each code 
word is -4, 0 or +4 and modulation is carried out from 
the level 1, DSV to C(k+1) is 0. Furthermore, in FIG.7B, 
CDS is likewise -4, 0 or +4, and DSV to C(k+1) is -8. 
Tnat is because DSV inversion with respect to C(k) is 
carried out due to the fact that a number of a 1" in C(k) 
differs between FIG.7A and FIG.7B. 
[01 03] When the code word matching with the condi- 
tion shown in FIG 4 is supplied in this manner, the digital 
modulation signals having DSV characteristics different 
from each other can be obtained bythefactthat the code 
wonfe'having DSV polarities-different from each other- 
are used as shown in FIG.7A and FIG.7B. 
[0104] Of the thus obtained two code word series, the 
code word series having a smaller direct-current com- 
ponent of the digital modulation signal generated after 
NRZi modulation must be selected and acquired. De- 
scription will now be given as to the method for deter- 
mining the code word series based on the DSV level up 
to a plurality of DSV conversion points where the output 
code word is determined. ___ _ 
[0105] FIG.8 shows an example of the relationship 
between the code word and the DSV level used for ex- 
plaining the operation of the peak value calculation por- 
tion 1 6 illustrated in FIG .2. 

[0106] In the drawing, the horizontal axis represents 
a time base, and the vertical axis represents a value of 
DSV. Moreover, times k, k+1, k+2 and k+3 corresponds 
to the time when the code word matching with the con- 
dition enabling DSV conversion occurs or the synchro- 
nous word is inserted. 

[01 07] In addition, at the time k, the code word series 
has been already selected and determined and the code 
word series before the time k is outputted as the code 
word. This means that there is no code word remaining 

in the code word memories 124 and 125. 

[0108]— Additionally, PO is a peak value of DSV when- 
C(k) is the head in a section from k to k+1 , and P1 is 
likewise a peak value of DSV when C{k)1 is the head. 
Similarly, four peak values P00 5 P01 , P1 0 and P11 exist 
in a section from k+1 to k+2, and eight peak values 
P000, P001, P010, P011, P100, P101, P110 and P111 , 
exist in a section from k+2 to k+3. 
[0109] in this manner, data of eight peak values is ob- 
tained at frie time k+3. Description will now be given as. 
to the method of determining based on the obtained data 
a code cord concerning a code word series to be select- 
ed which is temporarily stored in the code word memory 
124 or the code word memory 125 at the time k+1 ; 
[0110] That is,thetimek+1 isatimewhentheselecta- 
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bie code word or synchronous signal has appeared, and 
the code word memory 124 and the code word memory 
125 respectively store therein the code word having C— 
(k)0 as the head and the code word having C(k)1 as the 
head, 

[0111] Further, as to selection of the code word mem- 
ory at the time k+1 , whether the peak level up to the time 
k+3 is smaller when C(k)0 is selected or whether the 
peak level is smaller when C(k)1 is selected is calculat- 
ed and accordingly the selection is determined. 
[0112] Calculation of the peak level is performed in 
the peak value calculation portion 16. In the peak vaiue 
calculation portion 1 6, It is good enough to calculate the 
peak level up to k+3 when C(k)0 is selected and the 
peak level up to k+3 when C(k)1 is selected. Further- 
more, the code word in a section from the time k+1 to 
the time k+3 does not have to be stored in the code wo rd 
memory, calculating only the DSV level and the peak 
level of the code word can suffice. 
[0113] ~ The code word memory selection conditions — 
will now be described, "mat is, it is assumed that the 
minimum value of the following is min(PO): 

P0+POO+PO00; 



P0+P00+P001; 



and 



PO+P01+P010; 



P0+P01+P011 



Atso, ft is assumed that the minimum value of the fol- 
lowing is min(P1): 

P1+P1Q+P100; 
P1+P10+P101; 



so and 



P1+P11+P110; 



P1+P11+P111 



Then, the code word memory 124 is selected when min 
(P0) is smaller than min{P1) : and the code word memory 
1 25 is selected in any other case. 
[0114] Understandably, calculation forcomparing lev- 
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els of the DSV values so as to obtain such a result and 
selecting the code word that the direct-current compo- 
nent of the modulation signal after NRZI modulation 
gives a minimum value may be executed by any other 
method than the above-described calculation method. 
[0115] Although the above has described the case 
where calculation of CDS is performed in accordance 
with each code word bit, a value of CDS may be ob- 
tained in advance with respect to each code word, and 
the obtained value of CDS may be previously stored as 
a table, thereby acquiring the CDS value by using this 
table. 

[0116] FIG.9 is a table showing values of CDS ob- 
tained forthe respective code words. 
[0117] In this drawing, a value of CDS for each code 
word is calculated when the input level is 1 , and the val- 
ue of CDS obtained from a value of source data D(k) 
and a value of S(k) corresponds to each code word in 
the coding table of FIG.3. 

[0118] Although the values of CDS are obtained 
based on the values of source data, the code word se- 
ries of the digital signal having a smaller direct-current 
component can be previously selected based on the 
thus obtained value of CDS. 

[011 S] Then, in the description of the operation in FIG. 
1 , the code words outputted from the code word mem- 
ories 124 and 125 are NRZl-converted for example. 
However, the code word strings after NRZJ conversion 
may be stored in the code word memories 1 24 and 1 25. 
[01 2Q] Furthermore, although FIG.5 shows an exam- 
ple of the synchronous signals, any synchronous word 
may be selected under the condition that each synchro- 
nous word is a synchronization pattern which can be 
readily distinguished from the code word, and the two 
synchronous words have DSV values different from 
each. Even if any other synchronization patter is used, 
completely the same operation is enabled. 
[0121] Moreover, in the above example, description 
has been given as to an example of the coding table of 
four statuses for converting four bits into six bits. Of 
course, any other method for performing modulation by 
using the coding table used for converting p bits into q 
bits and the structure of the modulation apparatus em- 
ploying this method are enabled, it is good enough to 
select appropriate values of p and q in accordance with 
the characteristic of the digital modulation signal to be 
obtained. For example, a number of conditions of exist- 
ence of an alternative shown in FIG.4 can be increased 
by changing values of p and q, and the code series with 
an increased frequency can be selected. 
[0122] As described above, according to this embod- 
iment, DSV control can be performed by using the peak 
values of DSV of the recording code series, and the 
peak level can be effectively lowered as compared with 
conventional control using DSV, thereby effectively re- 
ducing the dispersion of DSV of the recording code 
words. 

[0123] Moreover, the digital modulation signal gener- 



ation method which maintains the peak level value of 
the DSV value small has been mainly described be- 
cause it is often the case that even one part having targe 
peak level can be a factor which adversely affects the 
s tracking performance or the like if such a part exists du r- 
ing reproduction of the thus generated signal recording 
medium. 

[0124] However, when the fast response performance 
is not demanded in the circuit which performs such con- 

fo trol, for example, when the average level of the control 
signal is used and reproduction control of the optical disk 
reproduction apparatus or reproduction control for spe- 
cial reproduction is performed, the peak value of the 
DSV value must be restricted to a small value, and the 

15 level of the average value must be also limited to a small 
value, in addition, control for maintaining the average 
value of the direct-current component of the modulation 
signal after NRZI modulation to a small value can be 
likewise effected by changing the above-described peak 

20 value control to the average value control. 

<Second Embodiment 

[0125] A second embodiment according to the 
25 present invention will now be described with reference 
to the drawings. In FIG.10, like reference numerals de- 
note parts equal to those in F1G.1 . FIG.1 0 is a schematic 
structural view showing an example of the digital signal 
recording apparatus adopting the digital signal modula- 
30 tion method and the digital signal modulation apparatus 
according to the present invention, in the drawing, the 
digital signal recording apparatus 1 R consists of the dig- 
ital signal modulator 1 0 and the recording drive portion 
15. The digital signal modulator 10 constituted by the 
35 formatting portion 1 1 , the p-q modulation portion 22, the 
coding tables 23 1} 23^ 23 n and the NRZI (Non Re- 
turn to Zero inverse) conversion portion 14. The digital 
signal recording apparatus 1R modulates an inputted 
digital information signal by the digital signal modulator 
40 1 o and obtains a digital modulation signal. Thereafter, 
the digital signal recording apparatus 1 R performs high- 
density recording on a storage medium 2 such as an 
optical disk by using the recording drive portion 15. 
[0126] The operation of the digitalsigna! recording ap- 
45 paratus 1 R will now be described. At first, a digital infor- 
mation signal such as video or sound which has been 
subjected to compression and encoding based on 
MPEG(moving picture experts group)-2 is supplied to 
the formatting portion 11 , and processing such as addi- 
so tion of an error correction code, scrambling of the sup- 
plied data or interleaving is applied to the supplied digital 
information signal, and the thus processed information 
signal is divided into source data each consisting of p 
bits, and each divided p-bit source data is supplied to 
55 the p-q modulation portion 22. 

[0127] The p-q modulation portion 22 is a circuit which 
subjects a signal of the source data which is an infor- 
mation signal supplied every p bits to block conversion 
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and generates a signal consisting of encoded data of q 
bits (q is an integer larger than p and it is 6 for example). 

- Moreover,- the p-q modulation portion 22 regards a pre — 

determined number of sets of source data as a unit and 
operates so as to insert a preset synchronous word eve- 5 
ry predetermined unit number of sets of source data. 
P128] For this operation, the p-q modulation portion 
22 includes n types (n is an integer not less than 2) of 
the coding tables 23 1 , 23^ 23 n , and outputs the sup- 
plied source data as a code word series signal obtained 10 
by block-converting the supplied source data into the q- 
bit code word while performing DSV (Digital Sum Value) 
control based on the later-descrfoed method making ref- 
erence to the plurality of coding tables 23 t , 232 ^n- 

[0129] The block-converted code word series signal 15 
is supplied to the NRZI conversion portion 14 where this 
signal is subjected to NRZI conversion to be turned into 
a digital modulation signal. This digital modulation signal 
is supplied to the recording drive portion 15 as a signal 
which changes the intensity of a laser beam (modulates 20 
the intensity of a laser beam) for recording the signal 
onto the storage medium 2 which is, for example, an 
optical disk. The storage medium 2 is irradiated with a 
laser beam whose intensity has been changed, and re- 
coding of the digital modulation signal according to the ~ 
intensity of tie laser beam is performed. 
[0130] In this manner, the digital signal recording ap- 
paratus 1R applies p-q modulation and NRZI modula- 
tion on the supplied digital information signal so as to 

suppress the direct-current component, optically modu- 30 
lates the modulated signal, and supplies the thus ob- 
tained laser beam to the storage medium 2 as output 
light, thereby performing recording, 
pi 31 ] Detailed description will now be given as to the 
structure and the operation of the p-q modulation portion 35 
22 which is a primary part of the digital signal modulator 

-10 and forms an embodiment of the digital signal mod- 

uiation method and the digital signal modulation appa- 
ratus according to the present invention, 
[0132] . FIG.11 is a block diagram showing an embod- 40 
iment of the digital signal modulation apparatus accord- 
ing to the present invention which constitutes the p-q 
modulation portion 22. In the drawing, the p-q modula- 
tion portion 22 is constituted by the code word alterna- 
tive presence/absence detection circuit 221 , the coding - <*5 
table address generation portion 222 including the cod- 
ing tables 23 v 23 2 , 23 n and the synchronous word 
generation portion 223, the first code word memory 224, 
the second code word memory 225, the first DSV cal- 

. eolation memory 226, the second DSV calculation mem- so 
ory 227, the first DSV square calculation integration 
memory 228, the second DSV square calculation inte- 
gration memory 229, the square integration value com- _ 
parison portion 230, and the memory control/code out- 
put portion 231 . In addition, the DSV calculation memory ^5 
226, the DSV calculation memory 227, the DSV square 
calculation integration memory 228, the DSV square 
calculation integration memory 229 and the square in- 



tegration value comparison portion 230 constitute the 
DSV square arithmetic integration portion 26. 
- [0133]— The operation of the p-q modulation portion 22 - 
constituted in this manner will now be described. The 
synchronous word generation portion 223 generates 
two types of synchronous words corresponding to the 
status S(k) every predetermined number of p-bit source 
data. That is, these two synchronous words are preset 
code words with the parity in such a manner that a 
number of 1 included in code bits in one code word is 
an even number and the same in the code bits is an odd 
number in the other code word. One synchronous word 
Is supplied as C(k)0 to each of the first code word mem- 
ory 224 and the first DSV calculation memory 226, and 
the other synchronous word is supplied as C{k)1 to each 
of the second code word memory 225 and the second 
DSV calculation memory 227. 
[0134] The DSV calculation memory 226 and the DSV 
calculation memory 227 calculate CDS (Code word Dig- 
ital Sum) ot the respective supplied synchronous words 
C(k)0 and C(k)1 , and update the stored DSV values in 
the DSV calculation memory 226 and the DSV calcula- 
tion memory 227. The updated DSV value in the DSV 
calculation memory 226 is supplied to the first DSV 
square calculation integration memory 228. At the same 
time, the updated DSV value in the DSV calculation 
memory 227 is supplied to the second DSV square cak 
culation integration memory 229, and square calculation 
of the inputted DSV values are performed in the respec- 
tive DSV square calculation integration memories 228 
and 229. As a result, these values are Integrated to pre- - 
viously stored values. : 
[0135] Here,theDSVca1culationmemory226 andthe 
DSV calculation memory 227 calculate CDS of the syn- 
chronous word or the codeword including the previously 
outputted encoding string data every time the synchro- 
nous word or the code word is supplied, and the CDS 
value obtained from this calculation is added to the im- 
mediately preceding DSV value, thereby repeating the 
operation for updating the DSV value. The DSV values 
stored in the DSV calculation memories 225 and 227 
are the direct-current component data concerning the 
direct-current component generated when NRZI-con- 
verting the code word series data outputted from the 
code word memories 224 and 225. 



[0136] Further, when the code word alternative pres- 
ence/absence detection circuit 221 detects the state en- 
abling DSV control, i.e., the state in which the synchro- 
nous words or the code words having the two types of 
DSV polarities reverse from each other can be selected, 
the DSV square calculation integration memory 228 and 
the DSV square calculation integration memory 229 are 
reset to the state without integrated value by an output 
from the code word alternative presence/absence de- 
tection circuit 221 . The integrated values stored in the 
DSV square calculation integration memories 228 and 
229 are square integration data obtained by squaring - 
and integrating the direct-current component data con- 
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cerning the direct-current component generated when 
NRZf-convertingthe code word series data stored in the 
DSV calculation memories 228 and 227. 
[0137] When two types of synchronous words which 
can be DSV-controlled are generated, the DSV square 
calculation integration memory 228 and the DSV square 
calculation integration memory 229 are reset, and 
square calculation values of the DSV values including 
the newly supplied two types of synchronous words are 
newly stored. 

[0138] After a scries of the operation relative to the 
two types of generated synchronous words, supply of 
the source data is started. The source data D(k) fetched 
from the formatting portion 11 shown in FiG.1 0 is sup- 
plied to the coding table address generation portion 222 
in FIG. 11 and also supplied to the codeword alternative 
presence/absence detection circuit 221 where whether 
the later-described code word which can be replaced 
with the counterpart is included in the series of the 
source data D(k) is detected. 

[0139] A result of detection concerning presence/ab- 
sence of an alternative obtained by the codeword alter- 
native presence/absence detection circuit 221 is sup- 
plied to the coding table address generation portion 222 ; 
and also supplied to the DSV square calculation inte- 
gration memory 228, the DSV square calculation inte- 
gration memory 229 and the square integration value 
comparison portion 230. The operation to be performed 
is different depending on the case where an alternative 
has been detected and the case where no alternative 
has been detected. 

[0140] Description will be first given on the case 
where an alternative is not detected. When the code 
word concerning an alternative matching with the later- 
described condition is not detected from the source data 
D(k), the source data which is supplied in the form of p 
bits is uniquely code-converted into the q-bit encoding 
data. This code conversion is performed by specifying 
an address value of a coding table corresponding to a 

data value stored in the coding tables 23 1( 23 2 23 n , 

and the code word obtained by the code conversion is 
obtained from the coding table address generation por- 
tion 222. 

[0141] When , an alternative is not detected, since 
there is only one code word which can be obtained in 
the above-described manner, the one obtained code 
word is supplied as C(k)0 and C(k)1 to the code word 
memory 224 and the code word memory 225, and also 
supplied to the DSV calculation memory 226 and the 
DSV calculation memory 227. The DSV calculation 
memory 226 and the DSV calculation memory 227 cal- 
culate respective CDSs of the newly supplied code 
words C(k)0 and C(k)1 , add the obtained CDSs to the 
DSV values of the immediately preceding stored code 
words, and update the memory contents as the DSV val- 
ues taking the newly supplied code word into account. 
[0142] Subsequently, the respective new DSV values 
outputted from the DSV calculation memory 226 and the 



DSV calculation memory 227 are supplied to the DSV 
square calculation integration memory 228 and the DSV 
square calculation integration memory 229 where 
square calculation of the inputted DSV values is per- 
5 formed. The square calculation values are added to the 
immediately preceding integrated values, and the inte- 
grated values of the DSV square calculation integration 
memory 228 and the DSV square calculation integration 
memory 229 are respectively updated. 
10 [0143] In this manner, p-q modulation is carried out 
while sequentially integrating and updating the DSV 
square calculation values calculated by using the code 
words supplied after two synchronous words based on 
the DSV values stored in the DSV calculation memory 

15 226 and the DSV calculation memory 1 27. 

[0144] Description will now be given on the operation 
when an alternative is detected in the supplied code 
word. When an alternative is detected, two code words 
can be obtained with respect to one p-bit source data D 

2Q (k) to be supplied. In regard to the two code words, as 
similar to the fact that the two code word series can be 
respectively created with respect to the two synchro- 
nous words, two code word series can be created based 
on the respective two code words. 

25 [0145] Thus, when an alternative is detected in the 
code word to be supplied, the operation is carried out in 
order to obtain a code word series which gives a smaller 
DSV square calculation integration value from the two 
code word series with respect to the above-described 

30 two synchronous words. That is, the DSV square calcu- 
lation integrated values respectively fetched from the 
DSV square calculation integration memory 228 and the 
DSV square calculation integration memory 229 are 
supplied to the square integration value comparison 

35 portion 230 where the both DSV square calculation in- 
tegrated values are compared with each other in large- 
ness, and the obtained result of comparison is supplied 
to the memory control/ code output portion 231 . 
[0146] The memory control/ code output portion 231 

40 obtains the code word having a smaller DSV square cal- 
culation integrated value as the code word series con- 
sisting of the code word supplied after synchronous 
word from the code word memory 224 and the code 
word memory 225 : and outputs the thus obtained code 

45 word series as a digital modulation signal (output code 
word) which has been subjected to p-q modulation. 
[0147] At the end of a series of such operations, the 
integrated DSV square operation integrated values re- 
spectively stored in the DSV square calculation integra- 
ls tion memory 228 and the DSV square calculation inte- 
gration memory 229 are cleared, and similar generation 
of th e code word by DSV value management is restarted 
for the two code word series relative to the two different 
code words which are detected and obtained by the 

55 above-described alternative. 

[0148] That is, the DSV square calculation integrated 
values integrated in the DSV square calculation integra- 
tion memory 228 and the DSV square calculation inte- 
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gration memory 129 are once cleared, and then one of 
the two types of code words obtained from the source 
- data D(k) is supplied and stored as-C(k)Q in the~code - 
word memory 224 while the other code word ts supplied 
and stored as C(k)1 in the code word memory 225. Also, 
the code words C(k)0 and C(k)1 are supplied to the DSV 
calculation memory 226 and the DSV calculation mem- 
ory 227 and the DSV values are updated. Additionally, 
integration is restarted by using the square calculation 
values of the DSV values including the two types of code 
words in the DSV square calculation integration memory 
228 and the DSV square calculation integration memory 
229. 

[01 49] As described above, generation of two code 
word series is started every two types of synchronous 
words created at predetermined intervals or every time 
two types of code words are created, and the two code 
word series having the two types of DSV polarities are 
respectively temporarily stored in the code word mem- 
~ ories~224" and 225. "" 
[0150] Then, when the two synchronous words are 
generated or when two selectable code words are ob- 
tained, a code word series having a smaller square cal- 
culation accumulated value of DSV is determined and 
outputted as a cfigital modulation signal. Therefore, the 
output digital modulation signal is a code word series 
which is intermittent in time, but the memory control/ 
code output portion 231 actually includes a temporary 
memory circuit. The output digital modulation signal is 
temporarily buffer-stored in this circuit and then output- 
ted from the p-q modulation portion 22 as a continuous 
code word series signal. 

[0151] Incidentally, the determined code word series 
is not outputted to the memory control/ code output por- 
tion 231 when the code word series is determined, but 
the contents of the code word memory 224 and the code 
word memory 225 may be uniformly stored with the de- 
termined code word series and the previously deter- 
mined code word series when the code word series is 
determined. Further, when all codeword series in a pre- 
determined interval, for example, from a synchronous 
word to a next synchronous word are determined, they 
may be outputted to the memory control/ code output 

portion 231 . 

[0152]" Furthermore, in" the~above "description; the" 
code word series is determined by comparing the DSV 
square calculation integration values when the next 
DSV-controlIabfe condition is satisfied starting from the 
DSV-controf fable synchronous word or code word. How- 
ever, the DSV square calculation integration values in a 
longer interval may be compared by performing integra- 
tion of the interval for integrating the DSV square calcu- 
lation until the next DSV-controilabte condition is satis- 
fied, Moreover, the timing is not restricted to the DSV- 
controliable point in time, but arbitrary point in time, e. 
g., from the DSV-controllable point to a point in tone 
when a predetermined number of sets of source data 
are inputted may be set. 



[0153] Description will now be given as to the coding 
tables 23 1? 23 2l 23 n used for performing p-q rnodu- 
— • iation: FIG.12 shows an example of the coo5rtg tables irr 
which p=4 and q=6 and which is under the run-fength 
s limited rule RLL (1 . 9). The codingtables in this drawing 
show the code words in RLL (Run Length Limited) en- 
coding in which a number of "0" existing between "1 w 
and m V is restricted to 1 to 9. 

[0154] The coding tables in FIG.12 specifically show 
10 four coding tables (namely, the coding table 23-j of S(k) 
=0, the coding table 23% of S(k)=1 , the coding table 23 3 
of S(k)=2 and the coding table 23 4 of S(k)=3 in FIG.11 ) 
having the four status (or table numbers) in which S(k) 
is "0" to "3 a . Moreover, D(k) denotes source data {input 
15 data word) consisting of four (= p) bits, and C(k) desig- 
nates an output code word consisting of six (= q) bits 
after conversion. C(k) is notated by both a decimal value 
and a binary value. 

[0155] In addition, S(k+1) in the coding table repre- 
ss - sents status ihfoTmlitloh"(f able number) ofmexodFrigta™ 
ble used for encoding the next source data D(k+1) in 
orderto obtain a next code word which satisfies the RLL 
(1 , 9) limitation even if it is directly combined with the 
output code word C(k). That is, in accordance with the 
25 status information S(k) indicative of one coding table 
used for encoding (modulating) the source data D(k), 
the status information S(k+1) of the coding table used 
for encoding (modulating) the source data D(k+1 ) which 
is subsequentlyjnputted is stored as a table iri assock 
so ation with the former information. 

[0156] Description will now be given as to the condi- 
tion when existence of the above-described alternative- 
is detected in the output code word C(k) obtained mak- 
ing reference to the coding table. FIG. 1 3 shows six coi> 
35 ditions when determining existence of an alternative, tri 
the drawing, D(k) denotes a value (decimal numeral) of 
source data consisting of four bits; C(k), an output code 
word consisting of six bits; S(k) 5 a status (table number) 
of the table at a time k; and L(k-1 ), a low order zero-run 
40 length of C(k-1), 

[0157] in FIG. 13, for example, the condition of exist- 
ence of an alternative shown as the condition 1 is that 
the low order zero-run length L(k-1) of the preceding 
code word is "4" or- "5" and a value of the source data D 
45~~ (k) is not more than "6", or L(k-1 )ls "6" and a valueof D" 
(k) is any of B 0 M , "1", "3" and "5" when using the coding 
table 23 4 of S(k)=3. When this condition 1 Is satisfied, 
the code word can be replaced with the counterpart in 
the coding table 232 of S(k)-1 . 
50 [0158] In addition, in F1G-13, for example, the condi- 
tion of presence of an alternative shown as the condition 
3 is that the low order zero-run length L(k-1) of the pre- 
ceding code word is not less than "1 " and not more than 
"4°, and also a value of the source data D(k) is *Q H or "5" 
55 when using the coding table 23 3 of S{k)=2. When this 
condition 3 is satisfied, the code word can be replaced 
with the counterpart in the coding table 23^ S(k)=0V 
[0159] Therefore, when any one of the six conditions 
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shown in FIG. 1 3 is satisfied, there is a replaceable code 
word, and hence the code word alternative presence/ 
absence detection circuit 221 shown in FIG. 11 detects 
whether any one of these six conditions is satisfied. 
When any one condition is satisfied ! a signal indicative 
of presence of an alternative is outputted as a result of 
alternative detection, and the alternative detection result 
signal is supplied to the square integration value com- 
parison portion 230, and DSV square calculation inte- 
grated values of the two code series are compared with 
each other. 

[0160] Comparison processing of the DSV square 
calculation integrated values is also performed when the 
synchronous word (synchronous signal) is generated. 
The synchronous word (synchronous signal) will now be 
described. FIG. 14 shows an example of four synchro- 
nous words used in accordance with a value of S(k). 
[0161] In the drawing, there are shown synchronous 
words each consisting of 24 bits which are used in ac- 
cordance with the four coding tables in which S(k) is 0 
to 3, and illustrates that the least significant bit of each 
of these words can be inverted in the form of X. Further- 
more, it is assumed that a value of S(k) is changed to S 
(k)=1 after these synchronous words, 
[0162] in this manner, when the two types of selecta- 
ble code words are generated based on the synchro- 
nous words inserted at predetermined intervals or the 
conditions shown in FIG.1 3, the code word series signal 
having a smaller DSV square calculation integrated val- 
ue is selected and outputted as an output signal from 
the p-q modulation portion 22. 
[01 63] The operation of this embodiment will now be 
described with reference to a flowchart of FIG. 15. The 
p-q modulation portion 22 sets the initial state so as to 
take an arbitrary S(k) (step S201), and judgment is then 
made upon whether the input data word is a word other 
than a synchronous word (step S2G2), If it is a synchro- 
nous word, reference is made to the DSV square calcu- 
lation integrated values respectively stored in the DSV 
square calculation integration memory 228 and the DSV 
square calculation integration memory 229 and these 
values are compared in largeness by the square inte- 
gration value comparison portion 230. Based on a result 
of comparison, the memory control/ code output portion 
231 selects and outputs the code word series signal 
which has a smaller DSV square calculation integrated 
value and is stored in the code word memory 224 or 225 
as an output code word (step S211). 
[0164] After outputting the output code word, the 
stored content of the non-selected code word memory 
is replaced with that of the selected code word memory, 
and the content of the non-selected DSV calculation 
memory is rewritten with the content of the selected DSV 
calculation memory. Further the both non-selected and 
selected DSV square calculation integration memories 
228 and 229 clear the DSV square calculation integrat- 
ed values therein(step S21 2). 

[0165] After clearing the DSV square calculation inte- 



grated values, the synchronous word shown in FIG. 14 
is selected in accordance with a value of the status in- 
formation S(k) (step S213). For example, the synchro- 
nous word having LSB of 0 is supplied to the code word 

s memory 224, and the synchronous words having LSB 
of 1 is supplied to the code word memory 225 (step 
S208). The above has described the operation when the 
synchronous word is generated. 
[0166] The operation when the synchronous word is 

10 not generated will now be explained. When it is deter- 
mined that a data word supplied as a modulation target 
is a word other than a synchronous word at the step 
$202, the 4-bit source data D(k) is supplied to the code 
word alternative presence/absence detection circuit 221 

15 (step S203). 

[0167] The code word alternative presence/absence 
detection circuit 221 detects whether there is a cede 
word matching with any one of the six conditions shown 
in FIG. 13 in the inputted source data D(k) (step S204), 

20 and detects existence of the code word when it matches 
with any one condition. The code word alternative pres- 
ence/absence detection circuit 221 outputs a result of 
detecting existence of an alternative, and this result is 
supplied to the coding table address generation portion 

25 222. On the other hand, it is also supplied to the DSV 
square calculation integration memory 228 , the DSV 
square calculation integration memory 229 and the 
square integration value comparison portion 230. 
[0168] The square integration value comparison por- 

30 tion 230 makes reference to the DSV square calculation 
integrated values respectively stored in the DSV square 
calculation integration memory 228 and the DSV square 
calculation integration memory 229 and compares them 
in largeness Based on a result of comparison : the mem- 

35 ory control/ code output portion 231 selects the code 
word series signal with a smaller DSV square calcula- 
tion integrated value stored in the code word memory 

224 or 225 t and outputs it as an output code word (step 
S205). 

40 [0169] After outputting the output code word, the 
stored content of the non-selected code word memory 
is replaced with the content of the code word in the se- 
lected code word memory, and the content of the non- 
selected DSV calculation memory is replaced with the 

45 content of the selected DSV calculation memory. Fur- 
thermore, the both non-selected and selected DSV 
square calculation integration memories 228 and 229 
clear the DSV square calculation integrated values 
therein (step S206). 

50 [0170] After clearing the DSV square calculation inte- 
gration values . the coding table address generation por- 
tion 122 uses two replaceable coding tables among the 
four coding tables shown in F1G.12 in order to select the 
first and second code words C(k)0 and C(k)1. Then, it 

55 supplies the first code word C(k)0 to the code word 
memory 224 and the DSV calculation memory 226 and 
the second code word C(k)1 to the code word memory 

225 and the DSV calculation memory 227, thereby stor- 



18 



BNSOOCIDt <EP 12?4172A2LL> 



35 



EP 1 274 172 A2 



36 



ing these words in the respective memories (steps S207 
and S208). 

As a result; the DSV calculation memories 226 

and 227 receive as the code words C(k)0 and C(k)1 the 
first synchronous word and the second synchronous 
word after processing at the step S213, the first code 
word and the second code word after processing at the 
step S207, or the same code word in case of the code 
word when it is determined that there is no alternative 
at the step S104, respectively. The DSV calculation 
memory 226 and the DSV calculation memory 227 cal- 
culate CDS of the newly supplied code words C(k)0 and 
C(k)1 , add the calculated CDS to the DSV values of the 
immediately preceding stored code word, and update 
the memory contents as the DSV values including the 
newly supplied code words (step S209). 
[0172] Subsequently, the respective new DSV values 
outputted from the DSV calculation memory 226 and the 
DSV calculation memory 227 are supplied to the DSV 
squarecalculatioh integration rnemory 228 and the DSV 
square calculation integration memory 229 where 
square calculation of the inputted DSV values is per- 
formed, and the square calculation values are added to 
the immediately preceding integrated values, thereby 
updating the respective integrated values of the DSV 
calculation memory 226 and the DSV calculation mem- 
ory 227 (step S209). 

[0173] After such a series of operations, judgment is 
made upon, whether encoding. be_ completed (step 
S210). if it is determined that encoding has been com- 
pleted, it is terminated. If it is determined that encoding 
is yet to be completed, the processing is returned to the 
step S202. 

[0174] In this manner, the code word series signal 
having a smaller DSV value is obtained, and the ob- 
tained signal is acquired as an NRZI-modulated signal 
having a small direct-current component when NRZI- 
modulated. 

[0175] Next, the relationship between the code word 
represented as NRZ, a receding signal converted into 
NRZI, CDS and DSV will be illustrated, and description 
will be given as to the fact that the direct-current com- 
ponent can be reduced by selecting code words having 

- different DSV polarities. - -- 

[0176] " F1GS.1 6A and 1 SB show the code word signal 

represented as generated NRZ, a signal obtained by 
NRZl-converting the code word signal, and values of 
CDS and DSV relative to the signal converted into NRZI. 
[0177] In the two code word strings represented as 
NRZ shown in FIGS. 1 6A and 1 6B, although C(k-1 ) and 
C(k+1 ) are the same code words, C(k) is a replaceable 
code word which matches with the condition shown as 

— : the condition 1 in FIG.13. In FIG.16A, the code word 

"1 01 001* is selected. On the otherhand, in FIG.1 6B, the 
code word "001001" is selected. 
[0178] As to calculation of CDS and DSV, their values 
can be obtained by integration as +1 when the level is 
1 with respect to the NRZI-converted signal and as -1 



when the level is 0 with respect to the same. In FIG.1 6 A, 
since CDS of each code word is -4, 0 or 44 and modu- 
lated from the level 1; DSV tip until G(k+1} is 0; in addi- 
tion, in FIG.1 6B, CDS is -4, 0 or -4, and DSV is -8. That 
s is because a number of "1" in C(k) differs in FIG.1 6A 
and FIG.1 6B, and hence the last bit of the signal ob- 
tained by NRZl-converting C(k) is "1* in FIG.1 6A while 
the same is "0" in FIG.1 6B, and accordingly DSV of the 
former is increased by a succeeding code while DSV of 
10 the latter is decreased by the succeeding code, and the 
two DSVs are opposite to each other. 
[0179] In this manner, when the code word matching 
with the condition of FIG.1 3 is supplied, the code words 
having different DSV polarities are used as shown in 
*5 FIGS. 1 6A and 1 6B, thereby obtaining the digital modu- 
lation signals having different DSV characteristics. 
[01 80] Of the two thus obtained code word series, the 
code word series having a smaller direct-current com- 
ponent of the digital modulation signal generated after 
2Q— NRZI modulation must beselected:Description will now" 
be given as to the method for determining the code word 
series by using the DSV level to a plurality of DSV con- 
version points to which the output code word is deter- 
mined for this selection. 
25 [0181] FIG.17 shows an example of the relationship 
between the code word and the DSV level in order to 
illustrate the operation of the DSV square calculation in- 
tegration portion 16 of FIG.1 1. In FIG.1 7, the horizontal 

axis represents a time base, and the vertical axis shows, 

30 a value of DSV. Additionally, each of times k, k+1 , k+2 
and k+3 represents a time at which a code word match- 
ing with the condition enabling DSV conversion emerg- 
es or a synchronous word is inserted. Further, the time 
k represents the state thatthere is no code word remain- 
35 ing in the code word memories 224 and 225 since the 
codeword series has been already selected and deter- 
mined and the code word series before the time k has 
been outputted as output code words. 
[0182] Furthermore, M0 denotes a DSV square cal- 
40 cuiation integrated value when C(k)0 is the head in a 
section from the time k to the time k+1 , and M1 desig- 
nates a DSV square calculation integrated value when 
C(k)1 is likewise the head. Similarly, there are four DSV 
square calculation integrated values MOO to M11 in a. 
-45— section from the time k+1 to the time k+2, and there are- 
eight DSV square calculation integrated values M000 to 
■ M1 1 1 in a section from the time k+2 to the time k+3. 
[0183] Data of the eight DSV square calculation inte- 
grated values is obtained in the section from the time k 
so . to the time k+3 in this way. Description will now be given 
as to the method for determining the code word which 
is carried out based on the thus obtained data and con- 
- cems selection of any one of the code word series tern- - 
porariiy stored in the code word memory 224 and the 
55 code word memory 225 at the time k+1 : 

[0184] The time k+1 is a time at which a selectable 
code word or a synchronous word has emerged; and 
the code word having C{k)0 as the head is stored in the 
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code word memory 224 while the code word having C 
(k)1 as the head Is stored in the code word memory 225. 
Selection of the code word memory at the time k+1 is 
performed by comparison in smatlness between the 
DSV square calculation integrated value up until the 
time k+3 when C(k)0 is selected and the DSV square 
calculation integrated value up until the time k+3 when 
C(k)1 is selected, 

[0185] Although calculation of the DSV square calcu- 
lation integrated values is effected in the DSV square 
calculation integration portion 16, it is good enough to 
calculate the DSV square calculation integrated value 
until the time k+3 when C(k)0 is selected and the DSV 
square calculation integrated value until the time k+3 
when C(k)1 is selected. Furthermore, the code word 
memories 224 and 225 do not have to store the code 
words in a section from the time k+1 to the time k+3, 
and calculating only the DSV calculation value and the 
DSV square calculation integrated value can suffice. 
[0186] Conditions for selecting the code word memo- 
ries 224 and 225 will now be described. That is, it is as- 
sumedthat a minimum value among thefollowing is min 
(M1): 

MO+M00+M0O0; 



MO4-MO0+M001; 



MO4-MO1+M010; 

and 

M0+MO1+M011 

Also, it is assumed that a minimum value among the fol- 
lowing is minflvH): 

M1+M10+M100; 



M1+M10+M101; 



M1+M11+M110; 

and 

M1+M11+M111 

Then, the code word memory 224 is selected when min 
(MO) is smaller than min(M1), and the code word mem- 
ory 225 is selected in any other case. 



[0187] Although the above has described the case 
when calculation of CDS is conducted every code word 
bit, it is possible to obtain the CDS value as a table in 
advance with respect to each code word and calculate 

5 the CDS value by using this table. 

[0188] F1G.1 8 is a table showing the CDS values ob- 
tained with respect to the code words. In the drawing, 
the CDS value of each code word when the last bit is on 
the level 1 if the code word immediately before each 

10 code word in the coding table shown in FIG. 12 is sub- 
jected to NRZi conversion, and the CDS values shown 
in this table correspond to the respective code words in 
the coding table illustrated in FIG.12, 
[0189] Although values of CDS are obtained based on 

15 the code words in this manner, the DSV values or the 
DSV square calculation values can be calculated based 
on the thus obtained CDS values, and a code word se- 
ries of a digital signal having a smaller direct-current 
component can be selected. 

20 [0190] incidentally, the recording apparatus which 
records a signal on a storage medium such as an optical 
disk has been described in the foregoing embodiments, 
a digital signal may be transmitted through a network by 
the digital signal transmission apparatus 3 adopting the 

25 digital signal modulation method or the digital signal 
modulation apparatus according to the present inven- 
tion as shown in F1G.1 9. 

<Thi rd Embodiment 

30 

[0191] In FIG. 19, the same reference numerals de- 
note the same constituent parts as those in FIG.10, 
thereby omitting their explanation. In FIG.19, a digital 
modulation signal fetched from the digital signal rnodu- 

35 lator 10 is supplied to the transmission encoding portion 
310 where a second digital modulation is effected ac- 
cording to needs so as to obtain a signal suitable to be 
transmitted through the network. A header for transmis- 
sion is then added to this signal, and packet data having 

40 the header added thereto is outputted. This packet data 
is transmitted to the reception apparatus on the other 
side through the non-illustrated network. 
[0192] FIGJ20 is a block diagram showing an example 
of the above-described reception apparatus. Hie recep- 

45 tion apparatus 5 is configured to have a transmission 
decoding portion 51 and adigital signal demodulator52. 
After the packet data received in the non-illustrated re- 
ception portion of the reception apparatus 5 through the 
network is supplied to the transmission decoding portion 

so 51 and the header is removed, it is supplied to the digital 
signal demodulator 52 where demodulation is carried 
out 

[0193] Furthermore, for example, in case of supplying 
the digital modulation signal of the digital signal modu- 
55 lation apparatus to any ether peripheral apparatus as a 
base band signal, even if the ground potential differs be- 
tween the apparatuses and they are coupled through, 
e.g., a high-frequency transformer, since there is rarely 
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a direct-current component included in the digital mod- 
ulation signal, the signal can be stably transmitted. 

~ — — ^[0194] ~1ncidental!yr^e present Invention is not re^~ — 

sthcted to the above-described embodiments. For ex- 
ample, in the above explanation of the operation in FIG. 5 
10, the output code word outputted from the code word 
memory 224 or 225 through the memory control/ code 
output portion 231 is subjected to NRZI conversion, but 
the recording code word strings which have been sub- 
jected to NRZI conversion may be stored in the code 10 
word memories 224 and 225. 

[0195] Moreover, although FIG.14 shows the exam- 
ples of the synchronous words, it is good enough that 
the synchronous words are synchronization patterns 
which can be readily discriminated from code words and 15 
the two synchronous words are set so as to have differ- 
ent DSV values. Also, even if any other synchronization 
pattern is used, compietely the same operation can be 
performed. 

" [0196] In a^ditibl^(tfic¥gh the exaifipleof mTcodihg 20 
tables corresponding to four statuses for converting four 
bits into six bits has been described in the foregoing em- 
bodiments, it is possible to employ any other method for 
performing modulation by using the coding table which 
converts p bits into q bits and the structure of the mod- 25 
ulation apparatus adopting this method, ft is good 
enough to select appropriate values of p and q in ac- 
cordance with the characteristic of the digital modulation 
signal to be obtained. For example, a number of condi- 
tions of existence of an alternative shown in FiG.13may 30 
be increased by changing values of p and q, and an en- 
coded series with an increased frequency may be se- 
lected. 

[0197] Additionally, although respective minimum val- 
ues of the DSV square calculation integrated values 35 
having C(k)0 and C(k)1 as the head in a section from k 

- to k+3 are compared with each other in FIG.1 7, M0 and 

M1 may be compared in order to select and determine 
a code word, and k+2 or k44 or higher may be used. A 
code word may be selected and determined by compar- ^ 
ing respective minimum values of the DSV square cal- 
culation integrated values having C(k)0 and C(k)1 as the 
head in a section from k to k+n (n is an integer not less 

trtanl). -— - •••• --. : 

~~ [0198] ~ Further, the present invention Includes a com" 
puter program which causes the code word alternative 
presence/absence detection circuit 221, the coding ta- 
ble address generation portion 222, the code word 
memories 224 and 225, the DSV square calculation in- 
■ - ■ tegration portion 26 and ttie memory control/ code out- 50 
put portion 231 shown in FIG.11 to function by a com- 
puter. This computer program is directly loaded on the 
digital signal recording apparatus 1R of F1G.10 or the - 

digitalsignaltransmissionapparatus3of FlG.19tofunc- . 

tion, and also a program distributed from a server 55 
through a communication network is loaded on the ap- 
paratus 1 B or 3. 
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<Fourth Embodiment* 

[01 99 J— A fourth embodiment according to the present : — 

invention will now be described with reference to the 
drawings. FIG.21 is a block diagram showing the fourth 
embodiment of an encoding apparatus according to the 
present invention, and FIG.22 is a block diagram of the 
fourth embodiment showing a primary part of the encod- 
ing apparatus according to the present invention. An en- 
coding apparatus 1 E according to an embodiment of the 
present invention will first be described with reference 
to FIG.21. A digital information signal obtained by con- 
verting an image or sound which should be encoded into 
a binary sequence by using non-illustrated dispersing 
means is subjected to so-called formatting such as ad- 
dition of an error correction code or sector structuraltza- 
tion in accordance with a recording format of a storage 
medium 2 in a formatting portion 11 , turned into source 
code series each consisting of four bits, and thereafter 
added f 6"a"4-€ modulation portion" 32; 
[0200] The 4-6 modulation portion 32 performs en- 
coding processing which converts every four bits of the 
source code into six bits by using a plurality of coding 
tables 33 shown in FIG.24 as an example in order to 
encode a source code to be inputted as will be described 
later, adds a predetermined a synchronous word and 
outputs an obtained result as a code word. This output 
code word Is subjected to NRZI conversion by an NRZI 

conversion circuit 14 to be turned into a recording signal, „. 

Then, it is recorded on the storage medium 2 such as 
an optical disk by a recording drive circuit 15, or subject- 
ed to transmission-encoding by a transmission encod- 
ing apparatus 31 and transmitted to a transmission me- 
dium 3. 

[0201] FIG.22 is a block diagram showing a structural 
example of the 4-6 modulation portion 32 of FIG.21 in 
order to explain the operation in more detail. The 4-6 
modulation portion 32 is a circuit which modulates (en- 
codes) each input data word (source code) D(k) in units 
of four bite to an output code word tn units of six bits. 
Here, if the output code word in units of six bits is an 
output code word in units of six bits which satisfies (1 , 
7) RLL, a number of types of the output code word is 21 

as shown in FIG.23, : - 

[0202] As an example of the coding tables used when" 
performing the calculation for obtaining the output code 
word in units of six bits which satisfies this (1 , 7) RLL 
limitation, there are four coding tables (coding table 
numberS(k)- ,, 0 B to u 3")suchasshowninFIG.24. In FIG. 
24, S(k)="0" to S(k)="3" designate coding table selec- 
tion numbers respectively allocated to the four coding 
tables. Further, S(k+1) in FiG.24 denotes a coding table 
selection number for selecting a coding table used for — - 

next encoding.. . . .. .-. 

[0203] The above-described coding tables stores 
therein an input data word D(k), an output code word C 
(k) after conversion;" and a coding table selection 
number 3(k+1 ) of the coding table used for encoding a 
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next input data word in order to obtain a next code word 
which satisfies the (1 , 7) RLL even ff this code word is 
directly combined with the output code word C(k) In as- 
sociation with each other. 

[0204] In the tour coding tables, the input data word 
D(k) is represented by a decimal numeral, and the out- 
put code word C(k) after conversion is represented by 
a decimal numeral or a binary numeral. As to the coding 
table selection number S(k+1), among the four coding 
tables, a number of the coding table which is used for 
encoding a next input data word in order to satisfy the 
(1,7) RLL even if the code words are directly combined 
with each other is represented by a decimal numeral. 
[0205] Concrete description will be given as to the 
case where the input data word D(k) in units of four bits 
is encoded based on the (1 , 7) RLL when "4, 5, 6, 7, 8 
(decimal)" is inputted as the input data words D(k), D 
(k+1), ... with reference to FIG.26. In the initial state of 
encoding, an initial selection number of the coding table 
is determined by the operation such as insertion of a 
synchronous word whose description is omitted, and the 
coding table S(k) = "0" is selected for example. When 
the input data word D(k) - 4 is inputted to this coding 
table S(k) = "0", the output code word C(k) = 18 (deci- 
mal) is outputted, and a next coding tabie selection 
number S(k-i-1 ) = "1 " is selected. 
[0206] Subsequently, when the input data word D(k) 
= 5 is inputted to the selected coding table S(k) = u 1", 
the output code word C(k) = 9 (decimal) is outputted, 
and a next coding table selection number S(k+1) = "1" 
is selected. Similarly, when the input data word D(k) = 
6 is inputted to the coding table S(k) = "1", the output 
code word C(k) = 2 is outputted, and the coding table 
selection number S(k+1) = "3" is selected. Then, when 
the input data word D(k) = 7 is inputted to the coding 
tabie S(k) = "3", the output code word C(k) = 20 is out- 
putted, and the coding tabie selection number S(k+1) = 
"1 " is selected. Subsequently, when the input data word 
D(k) = S is inputted to the coding table S(k) = "1", the 
output code word C(k) = 4 is outputted, and the coding 
tabie selection number S{k+1) = "2" is selected. 
[0207] As a result, "4, 5, 6, 7, 8 (decimal)" as the input 
data D(k) are encoded to "010010, 001 001, 000010, 
010100, 0001 00 (binary)'' and sequentially outputted. 
Therefore, an output code word string in which the five 
output code words C(k) are sequentially directly com- 
bined becomes 010010001001000010010100000100, 
and the output code word string which satisfies the lim- 
itation of (1 , 7) RLL can be obtained. 
[0208] Although a source code in which an alternative 
exists does not emerge in this example, the encoding 
apparatus illustrated in FIG3.21 to 31 can obtain the 
code word string which satisfies the (1 , 7) RLL and has 
code words sequentially directly combined with each 
other from the source codes D(k) each consisting of four 
bits and S(k) obtained by delaying S(k+1) outputted 
when outputting the preceding code word by one word 
(four-bit length in the source code) by using the coding 



table shown in FSG.24. 

£0209] In this embodiment, the 4-6 modulation portion 
32 outputs an output code word in unite of 6 bits which 
satisfies the ( 1 , 9) RLL as will be described later by using 
5 the four types of coding tables when performing calcu- 
lation for obtaining an output codeword each consisting 
of six bits which satisfies the (1, 7) RLL as described 
above. 

[0210] In regard to allocation of the data word D{k) 

10 and the code word C(k), ft is possible to change the ar- 
rangement so as not to cause a trouble in decoding with- 
out violating the encoding rule, and the embodiment ac- 
cording to the present invention is effective in any other 
structure than the coding tables shown in FIG.24. 

?5 [021 1 ] The structure of the 4-6 modulation portion 32 
illustrated in FIG.22 will now be described. The 4-6 mod- 
ulation portion 12 is constituted by: a code word alter- 
native presence/absence detection circuit 321 to which 
the input data word (source code) D(k), the output code 

20 word C(k-1 ) and the status information S(k) are respec- 
tively inputted; a coding table address calculation por- 
tion/synchronous word generation portion/redundant bit 
insertion portion (which will be referred to as a calcula- 
tion portion hereinafter) 323 which performs encoding 

25 by using the four types of coding tables 33; code word 
memories 324 and 325; DSV calculation memories 326 
and 327 provided in accordance with these code word 
memories 324 and 325; a selection judgment portion 
328; and a memory control/ code output portion 329. 

30 [0212] The code word alternative presence/absence 
detection circuit 321 detects whether any of the later- 
described seven conditions with different DSV polarities 
shown in FIG.25 can be satisfied based on the input data 
word D(k), the status information S(k) from the calcula- 

55 tion portion 323 and a zero-run length on the LSB side 
of the output cede word C(k-1 ). The code word alterna- 
tive presence/absence detection circuit 321 outputs a 
result of alternative detection indicative of existence of 
an alternative to the calculation portion 323 if any con- 

40 dition is satisfied, and outputs a result of alternative de- 
tection indicative of absence of an alternative to the 
same if any condition is not satisfied. 
[0213] The calculation portion 323 receives the alter- 
native detection result and the input data word, caleu- 

45 iates addresses of the four types of coding tables 33 
based on the alternative detection result, and supplies 
to the code word memories 324 and 325 the code words 
C(k)0 and C(k)1 calculated and generated from the input 
data words D(k) by using one or two coding tables 33 

50 corresponding to one or two calculated addresses. Fur- 
ther, the calculation portion 323 generates a synchro- 
nous word of a fixed pattern in one synchronous frame 
cycle, and outputs it to the code word memories 324 and 
325. Further, it generates a redundant bit in units of an 

ss N data symbol cycle in accordance with the later-de- 
scribed algorithm and outputs it to the code word mem- 
ories 324 and 325. 

[0214] The code word memory 324 accumulates the 
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code word C(k)0 from the calculation portion 323, and 
the codeword memory 325 accumulates the codeword 

' C(k)1 from the calculation portion 323rThe DSV calcu- 
lation memory 326 andthe DSV calculation memory 327 
calculate CDS (Code word Digital Sum) every time the 
code words C(k)0 and C(k}1 are inputted from the code 
word memory 324 and the code word memory 325, and 
updates the DSV values from this CDS value and the 
current DSV value. It is to be noted that the CDS value 
is a result of adding the code word in encoding units, i. 
e., in units of six bits with 1 determined as +1 and 0 de- 
termined as -1 after NRZi conversion. 
[0215] The selection judgment portion 328 is config- 
ured as shown in, e.g., FIG27 by a circuit which com- 
pares absolute values of the DSV values outputted from 
the DSV calculation memories 326 and 327 in large- 
ness, controls the memory control/ code output portion 
329 in accordance with a result of comparison, and se- 
lects and outputs one of the code words respectively 

" outputted from the code worcfmemories 324 and 325." 
[0216] In FIG.27, the selection judgment portion 328 
is constituted by absolute value calculation portions 
3281 and 3282 which calculate absolute values with re- 
spect to the DSV values respectively outputted from the 
DSV calculation memories 326 and 327, adders 3283 
and 3284, registers 3285 and 3286, and a comparison 
portion 3287. The adder 3283 adds an output from the 
register 3285 and a first DSV absolute value from the 

. absolute value calculation portion 3281 in order to ob-„ 
tain a fist added value, and supplies this value to the 
register 3285 where it is maintained. Similarly, the adder 
3284 adds an output from the register 3286 and a sec- 
ond DSV absolute value from the absolute value calcu- 
lation portion 3282 in order to obtain a second added 
value, and supplies this value to the register 3286 where 
it is maintained. 

[0217] - DSV values in the DSV calculation memories 
328 and 327 are updated in accordance with each con- 
version from the input data word into the code word. Af- 
ter the updated DSV values are turned into absolute val- 
ues by the absolute value calculation portions 3281 and 
1282, the adders 3283 and 3284 add these absolute val- 
ues to the previous DSV absolute values from the reg- 
isters 3285 and 3286 provided corresponding to these 
~adders7and the obtained values are supplied as first and ' 
second added vaJues to the registers 3285 and 3286 
where they are stored. Therefore, DSV absolute values 
for respective conversions up to the present have been 
integrated in the registers 3285 and 3286. 
[021 8] Upon receiving the alternative detection signal 
from the code word alternative presence/absence de- 
tection circuit 321 , the comparison portion 3287 com- 
pares the first and second added values from the regis- 
ters 3285 and 3286 in largeness. If the first added value 
(integrated value of the DSV absolute values) of the reg- 
ister 3285 is smaller than the second added value (in- 
tegrated value of the DSV absolute values) of the reg- 
ister 3286, the comparison portion 3287 outputs a judg- 



ment signal to the memory control/ code output portion 
329 to control the portion 329 to select and output the 
— — code word outputted from the code word memory 324- 
shown in FIG.22 as the output code word. On the con- 
5 irary, if the first added value (integrated value of the DSV 
absolute values) of the register 3285 is equal to or larger 
than the second added value (integrated value of the 
DSV absolute values) of the register 3286, the compar- 
ison portion 3287 outputs a judgment signal to the mem- 
w ory control/ code output portion 329 to control the portion 
329 to select and output the code word outputted from 
the code word memory 325 shown in FIG.22 as the out- 
put code word. 

[021 9] At the same time, the comparison portion 3287 

is clears the first and second added values of the registers 
3285 and 3286 to a value 0. Therefore, the registers 
3285 and 3286 respectively hold a result of integration 
of the DSV absolute values in each section where an 
alternative is generated in conversion. 

20 -[0220] It is to be~noted that the two code word mem- 
ories 324 and 325 are prepared in this embodiment, and 
the output code word is immediately outputted when the 
code word alternative presence/absence detection cir- 
cuit 321 detects D[k) having an alternative. However, a 

25 number of the code word memories is not restricted two 
and, when D(k) having an alternative is detected, the 
output code word does not have to be immediately out- 
putted. Further, it is also effective to use a method by- 
which more memories are_ provided, some selectable;- 

30 source codes are checked and a code word string hav: - 
ing a smallest DSV is selected and outputted. a 
[0221] Again referring to FIG.22, when the source., 
code D(k) having an alternative is detected by the code 
word alternative presence/absence detection circuit- 

35 321, the selection judgment portion 328 judges selec- 
tion of a code word from the code word memory 324 or 
325 to be outputted to the outside based on the preced- 
ing DSV absolute values by using DSV stored in the 
DSV calculation memory 326 and the DSV calculation 

40 memory 327. However, the memory control/code output 
portion 329 selects the code word stored in one code 
word memory and outputs it to the outside as the output 
code word by reception of a judgment signal from the 

selection judgment portion 328. At the same time, the 

-45— contents" of the non-selected code word memory and ~ 
DSV calculation memory are replaced with the contents 
of the selected code word memory and DSV calculation 
memory. 

[0222] The operation of the code word alternative 
so . presence/absence detection circuit 321 will now be de- 
scribed in detail with reference to FIG.25. FIG.25 is a 
view briefly showing conditions about the operation of 

- the alternative presence/absence calculation circuit 321 .... 

in case of the (1 , 9) RLL in the drawing, a part concem- 
55 ing the redundant bit will be described later in detail. 
Here, conditions are those for DSV control under the (1 , 
9) RLL using the four types of coding tables used in the 
(1,7) RLL. 
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[0223] In FIG.25, S{k) denotes a status at a k-th sym- 
bol (which is a coding table number of the four coding 
tables, and any value of 0 to 3); L(k-1 ) , a zero-run length 
on the LSB side of the code word C(k-1 ) of the k-1 sym- 
bol, namely, a number of continuous bits 0; and D(k) ? an 
input data word consisting of four bits corresponding to 
the k-th symbol. Furthermore, there are a total of seven 
conditions, i.e., the condition 1 to the condition 7. 
[0224] As to the condition 1, the status S(k) which is 
"3" (when using the coding table of S(k) ~ 3) means that 
the code word can be replaced with a corresponding 
code word in the coding table of S(k) = 1 when the input 
data D(k) is not more than 6 if a number of continuous 
bits 0 L(k-1 ) on the LSB side of the preceding code word 
is 'AT or "5", i.e., "010000" or "100000". Similarly, under 
the condition 1 , the code word can be replaced with a 
corresponding code word in the coding table of S(k) a 1 
when L(k-1) is "6" and D(k) is "0" or "1" or "3" or "5". 
[0225] The condition 2 means that the code word can 
be replaced with a corresponding code word in the cod- 
ing table of S(k) = 1 when S(k) is "2", L(k-1) is "5* or "6", 
and D(k) is not less than '7" or L(k-1) is "4" and D(k) is 
not less than "to*. 

[0226] The condition 3 means that the code word can 
be replaced with a corresponding code word in the cod- 
ing table of S(k) = 0 when S(k) is "2", L(k-1) is not less 
than H 1 U and not more than "4", and D(k) = 0 or 5. 
[0227] Under the condition 4, replacement with the 
coding table S(k) = 0 is possible when S(k) = 2, L(k-1) 
= 1 , and D(k) is "13" or "15" at any part other than those 
immediately before the redundant bit. Further, immedi- 
ately before the redundant bit, replacement with a cor- 
responding code word in the coding table of S(k) = 0 is 
possible when L{k-1) = 1, D(k) = 15, and D(k+1) is not 
less than *7" or "0" or "5". 

[0228] The condition 5 means that replacement with 
a corresponding code word in the coding table of S(k) = 
0 is possible when S(k) = 2 and when L(k - 1) = 2 and 
D(k) = 1 3 or 1 5 at any part other than those immediately 
before the redundant bit. 

[0229] The condition 6 means that replacement with 
a corresponding code word in the coding table of S(k) = 
0 is possible when S(k) = 2 and L(k-1) is 3 and when D 
(k) = 1 3 and D(k+1 ) is not more than "6" or "1 3" or "15" 
at any part other than those immediately before the re- 
dundant bit. 

[0230] The condition 7 means that replacement with 
a corresponding code word in the coding table of S(k) - 
0 is possible when S(k) = 2 and L(k-1 ) = 3 and when D 
(k) = 15 and D(k+1 ) is not less than "7" or "0" or "5 n at a 
any part other than those immediately before the redun- 
dant bit. 

[0231] Corresponding replaceable code words in the 
two coding tables in the condition 1 to the condition 7 
are arranged in such a manner that the number of 1 in- 
cluded in code bits of one code word of each pair is even 
while the number of 1 included in code bits of the other 
code word is odd and that code words of each pair have 



the same next state S{k+1) as shown in FIG.24, More- 
over, even with the replacement, the (1, 9) RLL is not 
broken. The code word alternative presence/absence 
detection circuit 321 outputs an alternative detection re- 

5 suit indicative of existence of an alternative to the cal- 
culation portion 323 when any one of the condition 1 to 
me condition 7 is satisfied, and outputs an alternative 
detection result indicative of absence of an alternative 
to the calculation portion 323 when any condition is not 

?0 satisfied. 

[0232] The difference in the number of 1 between the 
code words enables the DSV control apparently be- 
cause the difference in the number of 1 between C(k)s 
causes the reverse of the output teve! after NR2I mod- 

15 ulation as shown in FIGS.28A and 28B. For this reason, 
according to the present modulation method and appa- 
ratus, as described above, while the (1 : 9) RLL is satis- 
fied, the DSV control is possible. 
[0233] As described above, according to the embod- 

20 iment, it is possible to realize the encoding apparatus 
which can generate the codes with the (1 . 9) RLL by 
using the output code word C(k) corresponding to the 
input data word D(k) and a plurality of the coding tables 
33 including the coding table specification information 

— S(k-r1 ) which specifies a coding table to be used for en- 
coding the next code word, but a redundant bit can be 
also inserted in order to suppress the DC component 
without violating the (1 , 9) RLL. 
[0234] Description will now be given as to insertion of 

20 redundant bits according to the present invention with 
reference to FIGS .24, 29 and 30. FIG.29 shows a signal 
format of a digital signal outputted from the 4-6 modu- 
lation portion 32. As shown in the drawing, one synchro- 
nization frame of an output signal from the 4-6 modula- 

55 tion portion 32 has a structure in which redundant bits 
ct , c2, c3 are inserted in accordance with respective N 
data symbols bt , b2, b3, ... after a synchronous word a 
of a fixed pattern which is generated by the calculation 
portion 323 and inserted. 

40 [0235] As shown in FIG.30, "01 or "OO" can be taken 
for the redundant bits when the LSB of the preceding 
code word is "1 and "10" or "00" can be taken for the 
same when the LSB of the preceding code word is "0". 
The redundant bits "00" can reverse the DSV polarity 

45 with respect to '01 Similarly, "00" can reverse the DSV 
polarity with respect to "10". For example, inversion of 
the polarity of the output signal occurs once in case 
of "01 ' or "1 0, whereas inversion of the polarity does not 
occur in case of "00". 

so [0236] Here, as described in connection with FIG.25, 
the code word can be generated under the (1 , 9) RLL 
by using the coding tables shown in FIG.24, and the (1 , 
9) RLL limitation can be effected even if the redundant 
bits are "00". That is, according to this embodiment, as 

55 shown in FIG.29, the code word series having the re- 
verse DSV polarity can be necessarily generated by in- 
serting the redundant bits consisting of two bits at pre- 
determined intervals which is N data symbol intervals. 
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[0237} For example, in case of performing encoding 
from S(1) = 2 to D(1) = 3, D(2) = 15 and D(3) - 6 and 
inserting the redundant bits with C(2) as the nead,' when - 
encoding is carried out in accordance with FIG.24, C(1) 
= 010001, S(2) = 0, C(2) = 0000000, S(3) 2 and C(3) 
= 010010 are established, and the zero-run length T 
is generated in a section including C(2). Since C(1) has 
the LS3 of 1 , the redundant bits to be inserted are 00 or 
01, and the zero-run length "9" is not exceeded as 
shown in F1GS.32A and 32B. At this moment 1 as appar- 
ent from an output waveform after the illustrated NRZJ 
conversion, inversion/non-inversion of the waveform 
can be selected at the part where the redundant bits are 
Inserted. When DSV is 0 immediately after C(1), DSV 
immediately after C(3) is 8 (FIG.32A) or -6 (RG.32B), 
and it can be understood that the subsequent DSV po- 
larity can be changed. It is to be noted that the redundant 
bits can be inserted both before and after the code bit 
to be currently encoded. 

10238] Description will now be gjveifastd "the opera- 
tion which enables DSV control even rf the redundant 
bits are inserted according to the present invention with 
reference to the flowchart of FIG.31 . An Initial table is 
first set in the calculation portion 323 (step S301). This 
initial table can be set by determining a coding table 
number S(k) of the code word following the synchronous 
word or the like. 

[0239] Subsequently, the input data word (source 
code) D(k) consisting of four bits is inputted to the 4-6 
modulation portion 12 (step S302), and encoding is car- 
ried out with S(k) and D(k) by using the coding tables of 
FIG.24. In the process of encoding, reference is made 
to the preceding encoded input data word C(k-1), the 
zero-run length on Its LSB side is calculated, and the bit 
of LSB is detected. Thereafter, judgment is made upon 
whether next word is the code word to which the redun- 
dant brts are added (step S303), If it is not such a code 
word, the code word alternative presence/absence de- 
tection circuit 321 makes judgment upon whether there 
is an alternative of the code word in accordance with the 
conditions shown in FIG.29 (step S304). 
[0240] The code word alternative presence/absence 
detection circuit 321 detects whether any one of the sev- 
en conditions explained in connection with FIG 25 is sat- 
isfied based on the initially set status information (coding 
table number) S(k) supplied from the calculation portion 
323, the zero-run length L(k-1) on the LSB side of the 
preceding encoded input data word C{k-1) and the input 
data word D(k). If any of the seven conditions is not sat- 
isfied, namely, if a selectable code word does not exist 
in the coding tables of FIG.24, the code word alternative 
presence/absence detection circuit 321 supplies an al- 
ternative detection result indicative of absence of an al- 
ternative to the calculation portion 323, and the calcula- 
tion portion 323 is caused to output the same code word 
which is outputted by using the coding table of S(k) to 
the code word memories 324 and 325 as C(k)0 and C 
(k)1 (step S308). 



[0241] The DSV calculation memory 326 and the DSV 
calculation memory 327 calculate CDS every time the 
code words C(k)0 and C(k)1 are inputted from the code- 
word memory 324 and the code word memory 325, and 
5 update the DSV value from the CDS value and the DSV 
value which is obtained from all the output code words 
which have been selected and stored in the past (step 
S309). 

[0242] On the other hand, at the step S304, when the 
10 code word alternative presence/absence detection cir- 
cuit 321 determines that any of the seven conditions ex- 
plained in connection with FIG.25 is satisfied, namely, 
when a selectable code word exists in the coding table 
of FIG.24, the code word alternative presence/absence 
*5 detection circuit 321 supplies an alternative detection 
result indicative of presence of an alternative to the cal- 
culation portion 323 and the selection judgment portion 
328, causes the selection judgment portion 328 to per- 
form selection and judgment, and causes the selected 
20 codeword memory 324 or 325 too'utput th e code series" 
(step S305). 

[0243] For example, in the second and subsequent 
data word input, when the status information S(k) from 
the calculation portion 323 is "2*, the zero-run length L 

25 (k-i ) on the LSB side of the immediately preceding out- 
put code word C(k-1 ) is "4" and the input data word D 
(k) is "5", the condition 3 in FIG.25 is satisfied, and hence - 
the code word alternative presence/absence detection 
circuital outputs an alternative. detection result (in-- 

so eluding the coding table number) indicative of presence, 
of an alternative at this moment. Based on the alterna- 
tive detection resuft, as described with reference to FIG: 
27, the selection judgment portion 328 takes an abso- 
lute value of each output DSV value from the DSV calr 

35 culation memories 326 and 327, adds this absolute val- 
ue to an accumulated value of DSV absolute values 
which have been stored, compares two types of the ac- 
cumulated values in largeness, and controls the mem- 
ory control/ code output portion 329 so as to select as 

^0 the output code word the code word from the code word 
memory 324 or 325 corresponding to a smaller value. 
This is the operation at the step S3 05. 
[0244] Then, the memory control/ code output portion 
329 sets the content of the code word memory which 

45 ~ outputs the code word which has not been selected as~ 
the output code word (the codeword memory 325 when 
the output code word of the code word memory 324 is 
selected, and the code word memory 324 when the out- 
put code word of the codeword memory 325 is selected) 

so equal to the content of the selected output code word, 
and sets the content of the DSV calculation memory cor- 
responding to the non-selected code word memory (the 
DSV calculation memory 327 when the output code, 
word of the code word memory 324 is selected, and the 

55 DSV calculation memory 326 when the output code 
word of the code word memory 325 is selected) equal 
to the content of the DSV calculation memory corre- 
sponding to the selected code word memory {step 
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S306), 

[0245] Subsequently, the calculation portion 323 se- 
lects code words which are selectable as a code word 
candidate from one coding table and the other coding 
table determined by S(k), and outputs the code words 
as C(k)0 and C(k)1 (step S307). In the above-described 
concrete example, since the condition 3 shown in FIG. 
25 is satisfied, the calculation portion 323 uses the two 
coding tables having the coding table numbers S(k) of 
"0" and "2". The calculation portion 323 outputs the out- 
put code word C(k) obtained by using the coding table 
of S(k) = 0 as C(k)0 to the code word memory 324, and 
outputs the output code word C(k) obtained by using the 
coding table of S(k) = 2 as C(k)l to the code word mem- 
ory 325. 

[0246] Thereafter, CDS is calculated with respect to 
each of the code words C(k)0 and C(k)1 respectively 
stored in the code word memory 324 and the code word 
memory 325, and the DSV calculation memories 326 
and 327 add the calculated CDSs to the up-to-the- 
present DSV values and thereby update the DSV values 
(steps S308 and S309). Then, judgment is made upon 
whether all encoding steps have been performed (step 
S31 0). If all the encoding steps are yet to be carried out, 
the processing is returned to the step S302. 
£0247] Further, if it is determined that the next code 
word is a code word to which the redundant bits are add- 
ed atthe step S303 (the redundant bits are added every 
N data symbol as shown in FIG.29), the same selection 
judgment as that in the step S305 is effected, and the 
code word series from the selected code word memory 
is outputted from the memory control/ code output por- 
tion 329 (step S31 1 ). Thereafter, the contents of the non- 
selected code word memory and DSV memory are re- 
written with the contents of selected ones (step S312). 
[0248] Thereafter, as described in connection with 
FIG.30, the redundant bit pattern is selected based on 
the LSB of the code word, and the code word having 
one of the redundant bits being added thereto is deter- 
mined as C(k)0 while the code word having the other 
redundant bits being added thereto is determined as C 
(k)1 (step S313). These code words C(k)0 and C(k)1 
are respectively supplied and stored in the code word 
memories 324 and 325, and CDS then calculated with 
respect to each of C(k)0 and C(k)1 . The contents of the 
DSV calculation memories 326 and 327 are updated by 
adding the CDSs values (steps S308 and S309). Gen- 
eration of the code word including the redundant bits in 
which the DC component is suppressed is terminated 
by performing the above-described operation to the end 
of encoding (step S310). 

[0249] Meanwhile, as described in connection with 
FIG.25, there is a condition by which the code word re- 
placeable occasion varies by insertion of the redundant 
bits. For example, although the condition 4 changes the 
replacement condition immediately before the redun- 
dant bits, this is the processing for maintaining the (1 , 
9) RLL even if the redundant bits consisting of two bits 



is "00 s . Furthermore, similarly, the code word replace- 
ment when L(k-1 ) = 6 is not performed immediately after 
the redundant bits. Even if the redundant bits are insert- 
ed by this processing, the (1 , 9) RLL can be maintained. 

5 [0250] As described above, according to this embod- 
iment, it is apparent that DSV control is enabled while 
satisfying the (1 , 9) RLL by inserting the redundant bits 
consisting of two bits every predetermined data word to 
the output code word which is outputted as a binary se- 

10 ries by using the output code word C(k) corresponding 
to the input data word D(k) and a plurality of coding ta- 
bles 33 including coding table specification information 
S(k+1 ) which specifies a coding table used for encoding 
a next code word. 

15 [0251] Incidentally, the present invention is not re- 
stricted to the foregoing embodiments, and it is apparent 
that the structure of the coding tables which convert a 
data word consisting of bits whose number is an integral 
multiple of 4 into code bits whose number is an integral 

so multiple of 6 so as to allocate, e.g., the data word con- 
sisting of eight bits to code word bits consisting of 12 
bits while satisfying the DSV control rule can be readily 
analogized from the foregoing embodiments and can be 
included in the present invention. 

25 [0252] Moreover, the present invention includes a 
computer program which causes the code word alterna- 
tive presence/absence detection circuit 321 , the calcu- 
lation portion 323 , the code word memories 324 and 
325, the DSV calculation memories 326 and 327, the 

30 selection judgment portion 328 and the memory control/ 
code output portion 329 in FIG. 22 to function by a com- 
puter. This computer program is directly loaded in the 
encoding apparatus 1 E shown in FIG.21 and caused to 
function, and also a computer program distributed from 

35 a server through a communication network is loaded in 
the encoding apparatus 1 E. 

[0253] As desenfeed above, according to the present 
invention, the first synchronous word and the second 
synchronous word having respective numbers of times 

40 of inversion different from each other are simultaneously 
generated by NRZl conversion; the code word data 
group is generated based on the run-length encoding 
method restricting the run length in a predetermined 
range; the generated code word data group is arranged 

45 after the first synchronous word in order to generate the 
First codeword series data and the code word data group 
is arranged after the second synchronous word in order 
to generate the second code word series data; the first 
direct-current component data concerning the direct- 

50 current component generated when NRZI-converting 
the first code word series data is obtained; the second 
direct-current component data concerning the direct- 
current component generated when NRZI-converting 
the second code word series data Is obtained; the thus 

55 obtained first direct-current component data and second 
direct-current component data are compared with each 
other; and one having smaller direct-current component 
data is selected from the first code word series data and 
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the second code word series data and supplied. Thus, 
it is possible to generate the digital modulation signal 

- having the preferable "direct-current component •-sup- 
pression characteristic used for recording on a discoid 
high-density storage medium such as an optical disk 
while performing predetermined run-length limited en- 
coding. 

[0254] According to the present invention, the first 
code word and the second code word having respective 
numbers of times of inversion different from each other 
are generated by NRZf conversion; the code word data 
group is generated based on the run- length encoding 
method by which the run length is restricted in a prede- 
termined range; there are generated the first code word 
series data obtained by arranging the generated code 
word data group after the first code word and the second 
code word series data obtained by arranging the code 
word data group after the second code word; there are 
obtained the first direct-current component data con- 

~~ ceming the direcFcurrenf component generated when" 
NRZ! -converting the first code word series data and the 
second direct-current component data concerning the 
direct-current component generated when NRZI-con- 
verting the second code word series data; the thus ob- 
tained first direct-current component data and second 
direct-current component data are compared with each 
other; and one having smaller direct-current component 
data is selected from the first code word series data and 

..the second code word series data and supplied./Thus,.. 
it is possible to generate the digital modulation signal 
having the preferable direct-current component sup- 
pression characteristic used for recording on a discoid 
high-density storage medium such as an optical disk 
while performing predetermined run-length limited en- 
coding. 

[0255] According to the present invention, since CDS 

- data is used for the direct-current component data in 
particular, the direct-current component data concern- 
ing the direct-current component generated when per- 
forming NRZI conversion can be obtained in advance, 
and hence it is possible to further readily generate the 
digital modulation signal having the preferable direct- 
current component suppression characteristic in addi- 
tion to the above-described advantage. 

"T0256J ~" According to the present invention, in particu- - 
jar, since one having a smaller average value level of 
the direct-current component data is selected from the 
first code word series data and the second code word 
series data and selected, the digital modulation signal 
having the further preferable direct-current component 
suppression characteristic can be generated in addition 
to the above-descrised advantage. 

- [0257} According to the present invention, in particu- 
lar, since one having a smaller peak value of the direct- 
current component data is selected from the first code 
word series data and the second code word series data 
and supplied, the digital modulation signal having the 
further preferable direct-current component suppres- 



sion characteristic can be generated in addition to the 
above-described advantage. 
— [Q258J~ According to the present inventionrin particu- 
lar, since the code word series data is selected when 
5 the synchronous words are generated or when the 
source data from which a plurality of code word data 
having different patterns can be generated is supplied, 
the digital modulation signal having the further prefera- 
ble direct-current component suppression characteristic 
10 can be generated in addition to the above-described ad- 
vantage. 

[0259] According to the present invention, the first 
synchronous word and the second synchronous word 
having respective numbers of times of inversion drffer- 
*5 ent from each other are simultaneously generated by 
NRZI conversion; the code word data group is generat- 
ed based on the run-length encoding method by which 
the run length is restricted in a predetermined range; the 
generated code word data group is arranged after the 
20 first synch ronousword in orderto generate the first code 
word series data, and the code word data group is ar- 
ranged after the second synchronous word in order to 
generate the second code word series data; there are 
obtained the first direct-current component data con- 

25 ceming the direct-current generated when NRZI -con- 
verting the first code word series data and the second 
direct-current component data concerning the direct-, 
current component generated when NRZI-convertingr 

thesecond code word series data; thefirst direct-current 

so component data and the second direct-current compc-i 
nent data are compared with each other; and one having 
smaller direct-component data is selected from the first- 
code word series data and the second code word series 
data and supplied. Therefore, it is possible to generate. 

35 the digital modulation signal having the preferable di- 
rect-current component suppression characteristic 
used for recording on a discoid high-density storage me- 
dium such as an optical disk whiie performing predeter- 
mined run-length limited encoding. 

40 [0260] According to the present invention, the first 
code word and the second code word having respective 
numbers of times of inversion different from each other 
are generated by NRZ! conversion; the code word data 

group is generated based on the run-length encoding 

"45" method by which run length is restricted to a predeter" 
mined range; there are generated the first code word 
series data having the generated code word data group 
arranged after the first code word and the second code 
word series data having the code word data group ar- 

50 ranged after the second code word; there are obtained 
the first direct-current component data concerning the 
direct-current component generated when NRZI-con- 

■'— - verting the first code word series data and the second - 
direct-current component data concerning the direct- 

55 current component generated when NRZl-converting 
thesecondcodewordseriesdata;thethus obtained first 
direct-current component data and second direct-cur- 
re nt component data are compared with each other; and 
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one having smaller direct-current component data is se- 
lected from the first code word series data and the sec- 
ond code word series data and selected. Therefore, it is 
possible to generate the digital modulation signal having 
the preferable direct-current component suppression 
characteristic used for recording on a discoid high-den- 
sity storage medium such as an optical disk whiie per- 
forming predetermined run-length limited encoding. 
[0261] According to the present invention, the first 
synchronous word and the second synchronous word 
having respective numbers of times of inversion differ- 
ent from each other are simultaneously generated by 
NRZl conversion; the code word data group is generat- 
ed based on the run-length encoding method by which 
the run length is restricted in a predetermined range; the 
thus generated code word data group is arranged after 
the first synchronous word in order to generate the first 
code word series data and the code word data group is 
arranged after the second synchronous word in order to 
generate the second code word series data; there are 
obtained the first direct-current component data con- 
cerning the direct-current component generated when 
NRZI-converting the first code word series data and the 
second direct-current component data concerning the 
direct-curreru component generated when NRZI-con- 
verting the second code word series data; the thus ob- 
tained first direct-current component data and second 
direct-current component data are compared with each 
other; and one having smaller direct-current component 
data is selected from the first code word series data and 
the second code word series data and supplied. There- 
fore, it is possible to provide the digital signal storage 
medium having the digital modulation signal with the 
preferable direct-current component suppression char- 
acteristic recorded thereon while performing predeter- 
mined run-length limited encoding. 
[02S2] According to the present invention, the first 
code word and the second codeword having respective 
numbers of times of inversion different from each other 
are generated by NRZl conversion; the code word data 
group is generated based on the run-length encoding 
method by which the run length is restricted to a prede- 
termined range: there are generated the first code word 
series data having the generated code word data group 
arranged after the first code word and the second code 
word series data having the code word data group ar- 
ranged after the second code word; there are obtained 
the first direct-current component data concerning the 
direct-current component generated when NRZi-eon- 
verting the first code word series data and the second 
direct-current component data concerning the direct- 
current component generated when NRZi-converting 
the second codeword series data; the thus obtained first 
direct-current component data and second direct-cur- 
rant component data are compared with each other; and 
one having smaller direct-current component data is se- 
lected from the first code word series data and the sec- 
ond code word series data and supplied. Therefore, it is 



possible to provide the digital signal storage medium 
having the digital modulation signal with the preferable 
direct -current component suppression characteristic re- 
corded thereon while performing predetermined run- 
5 length limited encoding. 

[02S3] According to the present invention, the square 
data of the first and second direct-current component 
data concerning the direct-current component generat- 
ed when NRZI-converting each of the first and second 
10 code word series data are generated and compared with 
each other and one having the smaller direct-current 
component square data is selected from the first code 
word series data and the second code word series data 
and outputted as the code word series signal. As a re- 
15 suit, the lower component in the modulation signal which 
can be obtained in the higher-density modulation mode 
can be effectively suppressed since DSV control is car- 
ried out at any point in time other than DSV control point 
and dispersion of DSV of the output code word can be 
efficiently reduced as compared with a prior art method 
which minimizes an absolute value cf DSV at the point 
in time of DSV control. 

[C264] According to the present invention, the ad- 
verse effect on the servo control signal of the recording 
apparatus having the digital oiyi lei m cd Utauon appara- 
tus according to the present invention mounted thereon 
can be further greatly avoided as compare with the prior 
art, and the recording apparatus capable of performing 
the stable servo operation can be configured. 
[0265] In addition, according to the present invention , 
the invention can be also applied to the digital modula- 
tion method which does not use the data scrambling 
technique. 

[0266] According to the present invention, when the 
input data word consisting of p bits is encoded into a 
code word of q bits (where q > p) by using a plurality of 
encode tables and this code word is outputted as a bit 
string to which a predetermined run-iength limited rule 
is applied, a plurality of different code words are asso- 
ciated with a specific input data word. When DSV of the 
output bit string is controlled by appropriately selecting 
the code word, encoding is carried out every selectable 
code word reckoning from the absolute value of the DSV 
at the time of selectable conversion, the absolute value 
of the DSV which is being encoded is integrated, and 
the code word is selected and determined based on 
comparison of the results of integration. Therefore, with 
respect to DC suppression carried out by direct compar- 
ison of DSV which has been conventionally conducted, 
the higher suppression capability can be demonstrated 
with the same degree of redundancy, and the degree of 
redundancy can be further reduced if the DC suppres- 
sion effect is the same. 

[0267] It should be understood that many modifica- 
tions and adaptations of the invention will become ap- 
parent to those skilled in the art and it is intended to en- 
compass such obvious modifications and changes in 
the scope of the claims appended hereto. 
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Claims 

"1r*~A"digital signal modulation method which generates- 
a code word data group by repeating a number of 
times an operation for converting source data 
whose bit number is p (p is a positive integer) into 
code word data whose bit number is q (q is an in- 
teger larger than p), generates synchronous words 
at predetermined bit intervals, obtains code word 
series data by arranging said code word data group 
after said generated synchronous words, and ob- 
tains a signal to be supplied to a storage medium 
or a transmission medium by NRZI-converting said 
obtained code word series signal, 

said digital signal modulation method com- 
prising: 



A digital signal modulation method which gener- 
ates, when specific source data with which first 
code word data and second code word data having 
different patterns can be generated is supplied in 
case of generating a code word data group by re- 
peating a number of times an operation for convert- 
ing source data whose bit number is p (p is a pos- 
itive integer) into code word data whose bit number 
is q (q is a larger integer than p), generates said 
code word data group based on source data sup- 



to 



15 



a first step of simultaneously generating a first 
synchronous word and a second synchronous 
word having respective numbers of times bflrF" 20 
version different from each other, by said NRZI 
conversion; 

a second step of generating said code word da- 
ta group based on a run-length encoding meth- 
od which restricts a run length in a predeter- 25 
mined range, generating first code word series 
data by arranging said generated code word 
data group after said first synchronous word, 

and generating second code word series data.. _ 

by arranging said code word data group after so 
said second synchronous word; 
athird step of obtaining first direct-current com- 
ponent data concerning a direct-current com- 
ponent generated when NRZI-converting said 
first code word series data and obtaining sec- 35 
ond direct-current component data concerning 

a direct-current component generated when 

NRZI-converting said second code word series 
data based on said first and second codeword 
series data generated at said second step; and 
a fourth step of comparing said first direct-cur- 3. 
rent component data with said second direct- 
current component data, and selecting and 
- supplying one having smaller direct-current - — 
""component data from said first code word se- "45 
ries data and said second code word series da- 4. 
ta. 
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piied after the specific source data, obtains code 
word series data in which the generated code word 
-data group is arranged after the first code word or- 
the second code word, and obtains a signal to be 
supplied to a storage medium or a transmission me- 
dium by NRZI-converting the obtained code word 
series signal, 

said digital signal modulation method com- 
prising: 

a first step of generating said first code word 
and said second code word having respective 
numbers of times of inversion different from 
each other, by said NRZI conversion; 
a second step of generating said codeword da- 
ta group based on a run-length encoding meth- 
od which restricts a run length in a predeter- 
mined range, generating first code word series 
data by arranging said generated code word 
data group~after said first code word r and gen-™" 
erating said second code word series data by 
arranging said codeword data group after said 
second code word; 

a third step of obtaining first direct-current com- 
ponent data concerning a direct-current com- 
ponent generated when NRZI-converting said 
first code word series data and obtaining sec- 
ond direct-current component data concerning . 
a direct-current„component. generated when 
N RZ!-converting said second code word series^ 
data based on said first and second code word ; 
series data generated at said second step; and ^ 
a fourth step of comparing said first direct-cur- 
rent component data with said second direct- 
current component data, and selecting and 
supplying one having smaller direct-current 
component data from said first code word se- 
ries data and said second code word series da- 
ta. 

The digital signal modulation method according to 
claim 1 or 2, wherein each direct-current compo- 
nent data in said third step is CDS (Code Word Dig- 
ital Sum) data 



The digital signal modulation method according to 
claim 1 or2, wherein, at said fourth step, an average 
value level of said first direct-current component da- 
la is compared with an average vaiue level of said 
second direct-current component data,, and one 
having a smaller average value level of direct-cur- 
rent component data is selected from said first code 
- word series data and said second code word series 
data and supplied. 

The digital signal modulation method according to 
claim 1 or 2, wherein, at said fourth step, a peak 
value of said first direct-current component data is 
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compared with a peak value of said second direct- 
current component data, and one having a smaller 
peak value of direct-current component data is se- 
lected from said first code word series data and said 
second code word series data and supplied. 

The digital signal modulation method according to 
claim 1 , wherein the selection of code word series 
data at said fourth step is performed at a point in 
time when said first and second synchronous words 
are generated or at a point in time when said source 
data with which a plural rty of sets of code word data 
having different patterns can be generated is sup- 
plied. 

The digital signal modulation method according to 
claim 2, wherein the selection of code word series 
data at said fourth step is earned out at a point in 
time when said first and second synchronous words 
are supplied or at a point in time when said source 
data with which a plurality of sets of code word data 
having different patterns can be generated is sup- 
plied. 

A digital signal modulation apparatus (12) which 
generates a code word data group by repeating a 
number of times an operation for converting source 
data whose bit number is p (p is a positive integer) 
into code word data whose bit number is q (q is an 
integer larger than p), generates synchronous 
words at predetermined bit intervals, obtains code 
word series data by arranging said code word data 
group after said generated synchronous word, and 
obtains a signal to be supplied to a storage medium 
or a transmission medium by NRZI-converting said 
obtained code word series data. 

said digital signal modulation apparatus (12) 
comprising: 

synchronous word generating means (123) for 
simultaneously generating a first synchronous 
word and a second synchronous word having 
respective numbers of times of inversion differ- 
ent from each other, by said NRZi conversion; 
codeword series data generating means (122) 
for generating said code word data group 
based on a run-length encoding method which 
restricts a run length in a predetermined range, 
generating first code word series data by ar- 
ranging said generated code word data group 
after said first synchronous word, and generat- 
ing second code word series data by arranging 
said code word data group after said second 
synchronous word; 

DSV calculating means (126, 127) for receiving 
said first and second code word series data 
generated by said code word series data gen- 
erating means, obtaining first direct-current 
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component data concerning a direct-current 
component generated when NRZI-converting 
said first code word series data, and obtaining 
second direct-current component data con- 
cerning a direct-current component generated 
when NRZI-converting said second code word 
series data; and 

code word outputting means (129, 128) for 
comparing said first direct-current component 
data with said second direct-current compo- 
nent data, and selecting and supplying one 
having smaller direct-current data from said 
first code word series data and said second 
code word series data. 

A digital signal modulation apparatus (12) which 
generates, when specific source data with which 
first code word data and second code word data 
having different patterns can be generated is sup- 
plied in case of generating a code word data group 
by repeating a number of times an operation for 
converting source data whose bit number is p (p is 
a positive integer) into code word data whose bit 
number is q (q is a larger integer than p) 5 generates 
said code word data group based on source data 
supplied after said specific source data, obtains 
codeword series data in which said generated code 
word data group is arranged after said first code 
word or said second code word, and obtains a sig- 
nal to be supplied to a storage medium or a trans- 
mission medium by NRZI-converting said obtained 
code word series data, 

said digital signal modulation apparatus (1 2) 
comprising: 

code word generating means (122) for gener- 
ating said first code word and said second code 
word having respective numbers of times of in- 
version different from each other, by said NRZi 
conversion; 

code word series data generating means (1 22) 
for generating said code word data group 
based on a run-length encoding method which 
restricts a run length in a predetermined range, 
generating first code word series data by ar- 
ranging said generated code word data group 
after said first code word, and generating sec- 
ond code word series data by arranging said 
code word data group after said second code 
word; 

DSV calculating means (126, 127) for receiving 
said first and second code word series data 
generated by said code word series data gen- 
erating means, obtaining first direct-current 
component data concerning a direct-current 
component generated when NRZI-converting 
said first code word series data, and obtaining 
second direct-current component data con- 
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cerning a direct-current component generated 
when NRZI-converting said second code word 

"series~x2atarand ; 

code word outputting means (129, 128) for 
comparing said first direct-current component 
data with said second direct-current compo- 
nent data, and selecting and supplying one 
having smaller direct-current component data 
from said first code word series data and said 
second code word series data. 

10. A digital signal storage medium (2) having a signal 
recorded thereon, said signal being obtained by 
generating a code word data group by repeating a 
number of times an operation for converting source 
data whose bit number is p (p is a positive integer) 
into code word data whose bit number ts q (q is an 
integer larger than p), generating synchronous 
words at predetermined intervals, obtaining code 
word'series data by arranging i s^cTcode word data 
group after said generated synchronous words, and 
NRZI-converting said obtained code word series 
signal, 

wherein said digital signal storage medium (2) 
has said code word series data recorded thereon, 
said code word series data being obtained by the 
steps of: 

simultaneously generating a. first synchronous . 

word and a second synchronous word having 
respective numbers of times of inversion differ- 
ent from each other, by said NRZ1 conversion; 
generating said code word data group based 
on a run-length encoding method which re- 
stricts a run length in a predetermined range, 
generating first code word series data by ar- 
ranging said generated code word data group 
after said first synchronous word, and generat- 
ing second code word series data by arranging 
said code word data group after said second 
synchronous word; 

obtaining first direct-current component data 
concerning a direct-current component gener- 
ated when NRZI-converti ng said first code word 
series~data, and obtaining"second direct-cur- 
rent component data concerning a direct-cur- 
rent component generated when NRZi-con- 
verting said second code word series data; and 
comparing said first direct-current component 
data with said second direct-current compo- 
nent data, andselecting one having smaller di- 
rect-current component data from said first 
code word series data and said second code 

word series data, 

thereby recoding said selected and obtained 
code word series data. 

11. A digital signal storage medium (2) having a signal 
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recorded thereon, said signal being obtained by 
generating a code word data group based on source 
data supplied after specific source data when said 
specific source data with which first code word data 
and second code word data having different pat- 
terns can be generated is supplied in case of gen- 
erating said code word data group by repeating a 
number of times an operation for converting source 
data whose bit number is p (p is a positive integer) 
into code word data whose bit number is q (q is an 
integer larger than p), obtaining code word series 
data having said generated code word data group 
arranged after said first code word or said second 
code word, and NRZI-converting said obtained 
code word series signal, 

wherein said digital signal storage medium (2) 
has said code word series data recorded thereon, 
said code word series data being obtained by the 
steps of: 



generating said first codeword and said second 
code word having respective numbers of times 
of inversion different from each other, by said 
NRZI conversion; 

generating said code word data group based 
on a run-length encoding method which rer 
stricts a run length in a predetermined ranges 
generating first code word series data by ar- 
ranging said generated code. word data group 
after said first code word, and generating sec-; 
ond code word series data by arranging said 
code word data group after said second code 

word; 

obtaining first direct-current component data 
concerning a direct-current component gener- 
ated when N RZi -con verting said first code word 
series data, and obtaining second direct-cur- 
rent component data concerning a direct-cur- 
rent component generated when NRZl-con- 
verting said second codeword series data; and 
comparing said first direct-current component 
data with said second direct-current compo- 
nent data, and selecting one having smaller di- 
rect-current component data from said first 
code word series" data" and said second code " 
word series data, 

thereby recording said selected and obtained 
code word series data. 



$Q 12. A digital signal modulation method which generates 
a code word data group by repeating a number of 
times an operation for converting source data 
whose bit number is p (p is a positive integer) into 
code word data whose bit number is q (q is an in- 

55 teger largerthan p), generates synchronous words 
at predetermined intervals, obtains code word se- 
ries data by arranging said code word data group 
after said generated synchronous words, and NR- 
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Zl-converts a signal of said obtained code word se- 
ries data and outputs said NRZl-converted signal, 
said digital signal modulation method com- 
prising: 

5 

a first step of simultaneously generating a first 
synchronous word and a second synchronous 
word having respective numbers of times of in- 
version different from each other, by said NRZI 
conversion; 10 
a second step of generating said code word da- 
ta group based on a run-length limited rule 
which restricts a run length in a predetermined 
range, generating first code word series data 
by arranging said generated code word data 15 
group after said first synchronous word : and 
generating second codeword series data by ar- 
ranging said code word data group after said 
second synchronous word: 
a third step of obtaining first direct-current com- 20 
ponent data concerning a direct-current com- 
ponent generated when NRZI -converting said 
first code word series data and obtaining sec- 
ond direct-current component data concerning 
a direct-current component generated when 25 
NRZI-converting said second code word series 
data based on said first and second code word 
series data generated at said second step; 
a fourth step of obtaining first direct-current 
component square data by squaring said first 30 
direct-current component data obtained at said 
predetermined bit intervals and obtaining sec- 
ond direct-current component square data by 
squaring said second direct-current component 
data obtained at said predetermined bit inter- 35 
vals; and 

a fifth step of comparing said first direct-current 
component square data with said second di- 
rect-current component square data, and se- 
lecting and outputting one having smaller di- *o 
rect-current component square data from said 
first code word series data and said second 
code word series data. 

13. The digital signal modulation method according to 45 
claim 1 2, wherein the selection of code word series 
data at said fifth step is carried out at a point in time 
when said first and second synchronous words are 
generated or at a point in time when source data 
with which a plurality of code words having different so 
patterns can be generated is inputted. 

14. A digital signal modulation method which, in case 
of generating a code word data group by repeating 

a number of times an operation for converting 55 
source data whose bit number is p (p is a positive 
integer) into code word data whose bit number is q 
(q is an integer larger than p) and generating syn- 



chronous words at predetermined bit intervals, gen- 
erates said code word data group based on source 
data inputted after specific source data when said 
specific source data with which a first code word 
and a second code word having different patterns 
can be generated is inputted, arranges said gener- 
ated code word data group after said first code word 
or said second code word, obtains code word series 
data in which said synchronous words are inserted 
at said predetermined bit intervals, and NRZI-con- 
verts a signal of said obtained code word series da- 
ta and outputs said NRZI-converted signal, 

said digital signal modulation method com- 
prising: 

a first step of generating said first code word 
and said second code word having respective 
numbers of times of inversion different from 
each other, by said NRZI conversion: 
a second step of generating said code word da- 
ta group based on a run-length limited rule 
which restricts a run length in a predetermined 
range, generating first code word series data 
by arranging said generated code word data 
group after said first code word, and generating 
second code word series data by arranging 
said code word data group after said second 
code word; 

a third step of obtaining first direct-current com- 
ponent data concerning a direct-current com- 
ponent generated when NRZI-converting said 
first code word series data and obtaining sec- 
ond direct-current component data concerning 
a direct-current component generated when 
NRZI-converting said second codeword series 
data based on said first and second code word 
series data generated at said second step; 
a fourth step of obtaining first direct-current 
component square data by squaring said first 
direct-current component data obtained at said 
predetermined bit intervals, and obtaining sec- 
ond direct-current component square data by 
squaring said second direct-current component 
data obtained at said predetermined bit inter- 
vals; and 

a fifth step of comparing said first direct-current 
component square data with said second di- 
rect-current component square data, and se- 
lecting and outputting one having smaller di- 
rect-current component square data from said 
first code word series data and said second 
code word series data. 

15. The digital signal modulation method according to 
claim 14, wherein the selection of codeword series 
data at said fifth step is carried out at a point in time 
when said synchronous words are inputted or at a 
point in time when said specific source data with 
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which a plurality of code words having different pat- 
terns can be generated is inputted. 



series data and said second code word series 
data. 



16. A digital signal modulation apparatus (22) which 
generates a code word data group by repeating a 
number of times an operation for converting source 
data whose bit number is p (p is a positive integer) 
into code word data whose bit number is q (q is an 
integer larger than p), generates synchronous 
words at predetermined bit intervals, obtains code 
word series data by arranging said code word data 
group after said generated synchronous words, and 
NRZI-converts a signal of said obtained code word 
series data and outputs said NRZI-converted sig- 
nal, 

said digitai signal modulation apparatus (22) 
comprising: 

synchronous word generating means (223) for 
" ssnultaneousiy generating a first synchronous" 
word and a second synchronous word having 
respective numbers of times of inversion differ- 
ent from each other, by said NBZI conversion; 
code word series data generating means (222) 
for generating said code word data group 
based on a run-length limited rule which re- 
stricts a run length in a predetermined range, 
generating first code word series data by ar- 
ranging said generated code word data group, 
after said first synchronous word, and generat- 
ing second code word series data by arranging 
said code word data group after said second 
synchronous word; 

DSV calculating means (226, 227) for receiving 
said first and second code word series data 
generated by said code word series data gen- 

■—- - erating means, obtaining first direct-current 
component data concerning a direct-current 
component generated when NRZl-converting 
said first code word series data, and obtaining 
second direct-current component data con- 
cerning a direct-current component generated 
when NRZl-converting said second code word 

series data; — 

DSV square calculating means (228, 229) for" 
obtaining first direct-current component square 
data by squaring said first direct-current com- 
ponent data obtained at said predetermined bit 
intervals, and obtaining second direct-current 
component square data by squaring said sec- 
ond direct-current component data obtained at 
said predetermined bit intervals; and 

- — — code word outputting means (230, 231) for - 

comparing said first direct-current component. 

square data with said second direct-current 
component square data, and selecting and out- 
putting one having smaller direct-current com- 
ponent square data from said first code word 



17. A digital signal modulation apparatus (22) which, in 
5 case of generating a code word data group by re- 
peating a number of times an operation for convert- 
ing source data whose bit number is p (p is a pos- 
itive integer) into code word data whose bit number 
Is q (q is an integer larger than p) and generating 
10 synchronous words at predetermined bit Intervals, 
generates said code word data group based on 
source data inputted after specific source data 
when said specific source data with which a first 
codeword and a second codeword having different 
1$ patterns can be generated is inputted, arranges 
said generated codeword data group after said first 
code word or said second code word, obtains code 
word series data in which said synchronous words 
are inserted atsaid predetermined bit intervals, and 
' 20 NRZi^6nveits~a signal of said obtained code word 
series data and outputs said NRZI-converted sig- 
nal, 

said digital signal modulation apparatus (22) 
comprising: 

25 

code word generating means (222) for gener- 
ating said first code word and said second code 
word having respective numbers of times of in- 
.._ version different from each other, by said NRZl 

so conversion; 

code word series data generating means (222) - 
for generating said code word data group* 
based on a run-length limited rule which re- 
stricts a run length in a predetermined range^ 

35 generating first code word series data by ar- 

ranging said generated code word data group 
- after said first code word, and generating sec- 
ond code word series data by arranging said 
code word data group after said second code 

40 word; 

DSV calculating means (225, 227) for receiving 
said first and second code word series data 
generated by said code word series data gen- 
erating means, obta'piing first direct-current 

45 - component data concerning a direct-current " 

component generated when NRZI-converting 
said first code word series data, and second di- 
rect-current component data concerning a di- 
rect-current component generated when NRZl- 

so converting said second code word series data; 

DSV square calculating means (228, 228) for 
obtaining first direct-current component square 

-■ data by squaring said first direct-current com- 
ponent data obtained at said predetermined bit 

55 intervals and obtaining second direct-current 

component square data by squaring said sec- 
'"" end direct-current component data obtained at 
said predetermined bit intervals; and 
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code word outputting means (230, 231) for 
comparing said first direct-current component 
square data with said second direct -current 
component scuare data, and selecting and out- 
putting one having smaller direct -current com- 
ponent square data from said first code word 
series cata and said second code word series 
data. 

18. A storage medium (2) on which said code word se- 
ries data generated by said digital signal modulation 
apparatus (22) defined in claim 1 6 or 17 is N Re- 
converted and recorded, 

19. A transmission apparatus (3) comprising a trans- 
mission encoding portion (31 0) which adds a head- 
er to said code word series data which is generated 
by said digital signal modulation apparatus defined 
in claim 16 or 17 and NRZJ -converted and realizes 
a packet of said code word series data, said packet 
ourputted from said transmission encoding portion 
being transmitted to a transmission path. 

20. A program which causes a computer to execute 
said first to fifth steps defined in claim 12 or 14. 

21. An encoding method which, in case of encoding an 
input data word consisting of p bits into a cede word 
of q bits (where q >p) and outputting said code word 
as a bit string to which a predetermined run-length 
limited rule is applied, associates said plurality of 
different code words with a specific input data word r 
and selects and outputs a specific code word from 
a plurality of said different code words . tnereby per- 
forming DSV control. 

wherein, when selecting said specific code 
word, encoding is performed in accordance with 
each selectable code word in order to integrate an 
absolute value of DSV reckoning from said absolute 
value of DSV at a selectable point of time of con- 
version . and results of integration of said absolute 
value of DSV are compared with each other in large- 
ness with respect to each of said plurality of different 
code words : thereby selecting and outputting said 
specific code word. 

22. A storage medium (2) on which a code word string 
obtained by said encoding method defined in claim 
21 is NRZi-converted and recorded. 

23. An encoding method which, in case of encoding an 
input data word consisting of p bits into a code word 
consisting of q bits (where q > p) and outputting said 
code word as a bit string to which a predetermined 
run-iength limited rule is applied, adds one redun- 
dant bit selected from a plurality of different redun- 
dant bits every predetermined number of code bits 
to a code word string to be outputted, thereby per- 



forming DSV control. 

wherein, when selecting said redundant bit. 
encoding is performed in accordance with each se- 
lectaole redundant bit in order to integrate an abso- 
lute value of DSV reckoning from said absolute val- 
ue of DSV at a selectable point in time, results of 
integration of said absolute value of DSV are com- 
pared with each other in largeness with respect to 
each of code words to which said plurality of differ- 
ent redundant bits are added when executing se- 
lection, thereby selecting said one redundant bit 
and outputting said code word string and said se- 
lected one redundant bit. 

24. A storage medium (2) on which said code word 
string and said selected one redundant bit obtained 
by said encoding method defined in claim 23 ;s NR- 
Zl-ccnverted and recorded. 

25. An encoding apparatus (32) which, in case of en- 
coding an input data word consisting of p bits into 
a code word consisting of q bits (where q > p) and 
outputting said code word as a bit string to which a 
predetermined run-length limited rule is applied, as- 
sociates a plurality of different code words with a 
specific input data word, and selects and outputs a 
specific code word from said plurality of different 
code words, thereby performing DSV control, 

said encoding apparatus (32) comprising: 

a detection circuit (321) which detects whether 
there is an alternative of a code word with re- 
spect to said input data word; 
a calculation portion (323) which outputs said 
plurality of different code words corresponding 
to said input data word when an alternative de- 
tection result supplied from said detection cir- 
cuit indicates existence of an alternative, and 
outputs one code word corresponding to said 
input data word when a detection result from 
said detection circuit indicates absence of an 
alternative; 

a plurality of storing means (324 ; 325, 326, 327) 
for storing an output code word after a point in 
time of outputting an output code word and a 
code word immediately precedents inputted 
from said calculation portion with respect to 
each of a plurality of code word strings output- 
ted from said calculation portion through a plu- 
rality of paths, and storing a DSV value ob- 
tained from an output code word selected in the 
past and a code word immediately precedent ry 
inputted from said calculation portion: and 
outputting means (328, 329) for comparing in- 
tegrated values of absolute vajues of DSV val- 
ues up until an immediately preceding code 
word supplied from said plurality of storing 
means with each other, selecting and output- 
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ting a code word of storing means correspond- 
ing to a smallest integrated value, and replacing 
nsncontent of "non^selected-storing^ means • - 
among said plurality of storing means with a 
content of selected storing means, 5 



27. A computer program which causes said detection 
circuit, said calculation portion, said plurality of stor- 
irtg means and said outputting means* irrsaid en- 
coding apparatus (32) defined in claim 25 or 26 to 
function as a computer. 



wherein said outputting means (328, 329) 
performs encoding in accordance with each se- 
lectable code word and integrates sakJ absolute val- 
ues of DSV reckoning from an absolute value of 
DSV at a point in time of selectable conversion. 

26. An encoding apparatus (32) which, in case of en- 
coding an input data word consisting of p bits into 
a code word consisting of q bits (where q > p) and 
outputting said code word as a bit string to which a 
predetermined run-length limited rule is applied, 
adds one redundant bit selected from a plurality of 
different redundant bits every predetermined 
number~6f code wordsfto a code word string to be 
outputted, thereby performing DSV control, 
said encoding apparatus (32) comprising: 



28. A program which causes a computer to execute 
said first to fourth steps defined in claim 1 or 2. 

10 
15 



~20 



a calculation portion (323) which adds a plural- 
ity of said different redundant bits every said ss 
predetermined number of code words; 
a plurality of storing means (324, 325, 326, 327) 
for storing an output code word and a redun- 
dant bit after a point in time of outputting an out- 

put code word and a code word and a redun- so 
dant bit immediately precedently inputted from 
said calculation portion with respect to each of 
a pturalfty of code word strings including redun- 
dant bits outputted from said calculation portion 
through a plurality of paths corresponding to 35 
said plurality of different redundant brts : and 
storing a DSV value obtained from an output 
code word and a redundant bft selected in the 
past and a code word and a redundant bit im- 
mediately precedently inputted from said calcu- 40 
iation portion; and 

outputting means (328, 329) for comparing in- 
tegrated values of absolute values of DSV val- 
ues up until an immediately preceding code 

~™~word and a redundant bit" supplied from said 
plurality of storing means with each other, se- 
lecting and outputting a codeword and a redun- 
dant bit of a storing means corresponding to a 
smallest integrated value, and replacing a con- 
tent of non-seiected storing means among said so 
plurality of storing means with a content of se- 
lected storing means, 

wherein said outputting means (328, 329) 
performs encoding in accordance with each se- 55 
lectabfe redundant bit and integrates an absolute 
value of DSV reckoning from said absolute value of 
DSV at a point in time of selectable conversion. 
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REPLACEABLE WITH S(k) = 0. 
CONDITION 4 WHEN S(k) = 2, 
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